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CONCLUSIONS  AND  RECOMMENDATIONS  OF  THE 
DTS  ENGINEERING  ANALYSIS 

1.0  ENGINEERING  ANALYSIS  1.  ’’'RAN SMI S SION  TECHNIQUES 

1.1  Conclusions . The  narrowband  technique,  using  a Frequency  Division 
Multiplex  (FDM)  system,  was  shown  to  be  cleerly  superior  to  wideband  wheu  all 
criteria  are  properly  weighted  and  averaged.  In  the  area  of  Electronic 
Countermeasures  (ECM)  the  wideband  ' ctmique  is  preferred  except  against 
broadband  jammers.  However,  it  was  ac.ognized  that  no  transmission  tech- 
nique is  completely  and  forever  immune  to  a dedicated  enemy  jamming  threat. 
Therefore,  the  advantages  of  a wideband  technique  in  this  areu  did  not 
outweigh  its  disadvantages  in  other  areas  considered. 


The  results  of  the  evaluation  were  subjected  to  a sensitivity  analysis 
lo  determine  the  effects  of  possible  incorrect  weighting  factors  or 
inconclusive  ratings  against  the  criteria.  The  Narrowband  FDM  Transmission 
Technique  remained  the  better  choice. 

1.2  Recommendation . A channelized  narrowband  transmission  technique 
(FDM)  is  recommended.  The  DTS  design  should  be  such  that  a conversion  from 
the  FDM  to  a narrowband  frequency  hopping  system  can  be  made  in  the  future 
if  the  development  of  this  technique  materializes  to  a cost-effective 
capability.  Converting  the  FDM  to  narrowband  frequency  hopping  would 
provide  a measure  of  protection  against  jamming  not  available  with  FDM. 

2.0  ENGINEERING  ANALYSIS  2.  REPEATER  TYPES 

2.1  Conclusion.  An  all  digital  repeater  design  was  found  as  ranking 
slightly  above  a combined  digital/analog  design.  If  r.he  requirement  for 
analog  data  transmission  is  eliminated,  the  decision  as  to  the  repeater 
type  will  have  been  made  regardless  cf  the  analysis. 

2.2  Recommendation.  It  is  recommended  that  digital  only  repeater 
types  be  designed,  with  the  decision  that  the  digital/analog  combined 
design  be  baaed  on  the  requirement  to  transmit  analog  data. 

3.0  ENGINEERING  ANALYSIS  3.  REPEATER  CONFIGURATION 

3.1  Conclusion.  Of  the  alternatives  considered,  the  one  which  uses 
a single  configuration  with  common  electronics  received  the  highest 
ranking  by  a reasonable  margin.  All  weighting  techniques  used  in  the 
analysis  showed  similar  results.  Likewise,  a sensitivity  analysis  with 
variable  weights  did  not  change  the  ranking  of  this  alternative  versus 
the  other  alternatives.  However,  in  reviewing  the  weights  which  were 
assigned  to  the  various  criteria  and  subcriteria,  the  team  believer  that 
a disproportionate  weight  was  given  to  some  criteria  which  tended  to 
favor  this  alternative  over  the  others.  In  particular,  human  factors  are 
believed  to  be  of  much  greater  importance  than  versatility.  Similarly, 
reliability  is  given  a significantly  greater  weight  in  this  engineering 
analysis  than  others.  In  view  of  this,  the  team  does  not  believe  the 
analysis  is  conclusive. 


3.2  Recommendation. 


Based  on  the  above  statements,  the  team  recommends 
that  a separate  configuration  with  common  electronics  be  used  for  designing 
repeaters  for  air  delivered  and  hand  emplaced  use  (Alternative  B). 

4.0  ENGINEERING  ANALYSIo  4.  EQUIPMENT  CONSTRUCTION  METHODS 

4.1  Conclusion.  A common  functional  modular  design  ranks  signifi- 
cantly higher  than  .•?  unique  design  of  each  hardware  element  (repeaters, 
sensors,  etc.).  Y alternative  which  incorporates  common  LSI  chips  as 
sub-functional  units  along  with  common  functional  modules  ranked  a very 
close  second.  Although  the  results  of  the  sensitivity  analysis  did  not 
change  the  relative  ranking  of  alternatives,  it  was  concluded  by  the 

team  that  the  difference  in  ranking  of  alternatives  A and  B was  not  signifi- 
cant . 


4.2  Recommendation.  In  view  of  the  close  ranking  between  alterna- 
tives A and  B,  the  team  recommends  that  a common  functional  modular  design 
be  utilized  for  the  hardware  elements  of  the  DTS  and  in  addition,  consider 
using  sub-tunctioni  1 units  which  may  have  been  developed  by  the  Government 
at  the  time  of  contracting  for  the  1)TS  hardware  design.  Typical  sub-func- 
tional units  which  are  being  funded  in  development  are  the  digital  synthesizer 
and  reference  oscillator  (TCVCXO) . 

5.0  ENGINEERING  ANALYSIS  5.  SENSOR  CONTROL  MODULE 

5.1  Conclusions.  The  relative  ranking  of  the  two  alternatives, 

based  on  the  weighted  and  sensitivity  analyses,  was  not  conclusive.  This 
could  be  due  to  several  factors:  a)  the  alternatives  are  equally  capable 

of  providing  the  operational  requirements;  b)  the  weighting  factors 
applied  to  the  criteria  are  questionable;  or  c)  the  set  of  evaluation 
criteria  is  not  sufficient  or  complete. 

5.2  Recommendation.  Based  on  the  inconclusive  results  of  the 
evaluation,  no  recommendation  is  made.  If  the  possible  use  of  an  SCM  with 
mini-sensors  is  still  considered  a viable  alternative,  additional  evaluation 
with  other  criteria  should  be  considered. 
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6.0 


ENGINEERING  ANALYSIS  6. 


NUMBER  OF  CHANNELS  FOR  REPEATER 


6.1  Conclusions . Of  the  three  alternatives  considered,  single 
channel  repeaters  received  the  highest  ranking  in  all  four  weighting 
techniques  used  in  the  analysis.  The  alternative  of  providing  both 
single  and  dual  channel  repeaters  for  REMBASS  use  ranked  second  in  all 
weighting  techniques,  with  the  combined  sir  Ip, 'dual  channel  repeater 
design  always  last. 

Again,  in  reviewing  the  relative  weights  which  were  assigned  to 
the  various  criteria,  it  was  the  conclusion  of  the  team  members  that 
some  of  the  weight  assignments  of  the  subcriteria  were  not  realistic. 

For  example,  the  subcriteria  of  cost  which  were  improperly  weighted 
were:  a)  acquisition  costs;  and  b)  life  cycle  support  costs.  Since  the 
sensitivity  analysis  only  considered  the  results  of  a perturbation  of 
the  major  criteria  (e.g  , cost),  these  anomalies  would  not  show  up  rn 
the  analysis.  Restructuring  the  subcriteria  weights  would  not  necessarily 
reverse  the  difference  between  the  first  and  second  ranked  alternatives. 
Whether  the  approximate  10%  differential  is  significant  for  choosing 
an  alternative  has  not  been  determined. 

6.2  Recommendation . It  is  recommended  that  single  channel 
repeaters  be  developed  for  REMBASS.  In  view  of  the  factors  discussed 
above,  it  is  possible  that  dual  channel  repeaters  may  be  cost  effective 
in  some  applications.  Therefore,  it  is  also  recommended  that  develop- 
ment of  dual  channel  repeaters  as  well  as  single  channel  repeaters  be 
considered . 

7.0  ENGINEERING  ANALYSIS  7.  MODULATION  TECHNIQUES 


7.1  Conclusions . The  analysis  indicates  that  Phase  Shift  Keying 
(PSK)  is  the  best  method  of  digital  data  modulation  of  all  the  methods 
considered.  In  order  for  PSK  to  perform  better  than  other  methods,  a 
coherent  or  matched  filter  receiver  must  be  used.  Under  certain  conditions 
a coherent  system  may  be  approximated,  given  sufficient  time  for  phase 
and  frequency  synchronization  at  the  receiver.  Likewise,  a matched  fil- 
ter processor  may  be  accomplished  for  burst  type  digital  signals  using  a 
Surface  Wave  Device  (SWD) . Unfortunately,  SWD's  are  only  applicable  to 
wideband  type  signals.  Since  the  analysis  was  made,  independent  of  the 
type  of  transmission  techniques  (wideband  or  narrowband),  and  since  a 
narrowband  technique  was  recommended  as  a result  of  Engineering  Analysis  1, 
the  results  of  this  engineering  analysis  must  be  evaluated  in  light  of 
the  narrowband  transmission  technique.  Consequently,  PSK  tends  to  lose  its 
ranking  with  a narrowband  system  such  as  REMBASS  will  use.  Similar  conclusions 
are  applicable  to  other  methods  which  require  a coherent  processor  or  matched 
filter  receiver.  These  are  a)  Differential  PSK;  and  b)  Chirp. 

On-off  Keying  (00K)  is  ranked  rather  high,  if  one  is  able  to  Insure 
a specified  minimum  (S/N)min  at  the  receiver,  which  is  determined  by  the 
required  message  bit  error  rate.  If  this  (S/N)m^n  cannot  be  insured,  the 
performance  of  the  system  degrades  drastically. 
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Since  the  REMBASS  DTS  cannot  be  insured  of  a given  receiver  (S/N),  using 
00K  modulation  is  not  considered  to  be  advisabxe.  Adaptive  threshold 
techniques  may  be  incorporated  in  the  receiver  in  some  cases  but  this 
would  impact  on  message  structure  and  message  duration.  It  is  believed 
that  sufficient  w sight  was  not  given  to  error  performance  in  the  analysis 
and  too  much  weight  was  given  to  spectrum  utilization.  Changing  these 
weights  would  easily  reverse  the  ranking  of  00K  vice  BFM  or  BFSK. 

Recommendation . Binary  FM  and  Binary  FSK  differ  in  the  receiver 
more  than  in  the  transmitter.  In  fact,  a BFM  receiver  can  receive  a 
BFSK  modulated  signal.  A BFM  receiver  is  used  if  both  analog  and  digi- 
tal data  are  transmitted.  If  only  digital  data  is  transmitted  a BFSK 
dual  filter  receiver  will  degrade  more  gracefully  with  decreasing  (S/N) 
than  BFM;  therefore,  since  it  appears  that  REMBASS  will  not  transmit 
analog  data,  a BFSK  modulation  of  digital  data  is  recommended. 

'i.O  ENGINEERING  ANALYSIS  8.  MESSAGE  TYPES 

8.1  Conclusion.  The  analysis  indicates  that  if  both  digital  and 
analog  data  are  to  be  transmitted  in  REMBASS,  analog  data  should  not 
be  digitized  before  transmission  but  should  be  used  directly  as  a 
modulating  signal. 

8.2  Recommeu  'ation.  If  both  analog  and  digital  data  are  to  be 
transmitted,  analog  data  should  be  used  directly  to  modulate  the  carrier; 
whereas,  the  digital  data  would  use  dual  frequency  modulation  for 

the  two  binary  states  of  the  digital  data. 

9.0  ENGINEERING  ANALYSIS  9.  FREQUENCY  CHANGING  METHODS 

9.1  Conclusion.  The  analysis  indicated  that  three  methods  of 

frequency  changing  should  be  used  in  the  REMBASS  DTS  equipment  as 
applicable:  a)  digital  frequency  synthesizer;  b)  single  frequency 

oscillator  module;  and  c)  crystal  substitution.  The  former  is  the 
more  expensive  and  would  be  used  only  in  those  equipments  in  which 
the  versatility  of  frequency  selection  was  an  overriding  considera- 
tion. The  second  method  would  be  used  in  equipments  when  the  need  for 
wide  environmental  capability  (temperature)  was  required;  but,  frequency 
changing  was  seldom  required  except  at  a depot  level  of  maintenance. 
Crystal  substitution  would  be  used  only  if  the  accuracy  and  stability 
requirements  of  the  equipment  was  not  severe.  If  + 5 ppm  frequency 
stability  was  required,  even  at  limited  temperature  ranges,  it  is  not 
expected  that  this  method  would  be  usable. 

9.2  Recommendation . The  methods  indicated  ir.  the  analysis,  and 
discussed  above,  are  recommended. 
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10.0 


ENGINEERING  ANALYSIS  10. 


MESSAGE  CODING 


10.1  Conclusions . The  analysis  indicates  that  a single  bit  parity 
check  error  detection  coding  for  REMBASS  digital  data  messages  is  pre- 
ferred over  single  error  correction  coding,  or  no  coding.  It  is  empha- 
sized that  this  assumes  that  the  DTS  data  messages  contain  no  classified 
information.  That  is,  reliability  of  data  communication  is  the  primary 
concern. 

The  DTS  team  does  not  agree  with  the  relative  weights  applied  to 
the  cost  subcriteria;  however,  this  would  not  change  the  results  since 
the  rating  of  the  two  top  alternatives  are  equal  for  these  subcriteria. 

10.2  Recommendation.  It  is  recommended  that  a single  bit  parity 
check  be  incorporated  with  all  digital  data  for  error  detection  only. 

11.0  ENGINEERING  ANALYSIS  11.  REPEATER  OPERATIONAL  TESTING 

11.1  Conclusion.  Command  testing  of  operational  repeaters  ranked 
first  in  all  four  weighting  techniques  used  in  the  analysis.  The  evalua- 
tion was  predicated  upon  a command  link  being  required  for  some  sensors 
and  therefore,  did  not  consider  a command  link  being  included  for  the 
sole  purpose  of  testing  repeaters.  If  a command  link  is  not  available, 
the  results  of  the  analysis  would  have  to  be  reviewed  for  the  possibility 
of  a differenct  conclusion. 

11.2  Recommendation . It  is  recommended  that  repeaters  include  the 
capability  for  some  degree  of  operational  testing  via  the  sensor  command 
link. 
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SECTION  II 


ENGINEERING  ANALYSIS  l - TRANSMISSION  TECHNIQUES 

1.0  SUMMARY 

This  analysis  addresses  the  transmission  technique  that 
will  be  used  in  the  REMBASS  Data  Transmission  Subsystem.  The  alternatives 
were  evaluated  against  a specific  set  of  criteria:  cost;  performance; 

versatility;  schedule;  technical  risk;  and  logistics.  The  analysis  con- 
cluded that  channelized  narrowband  transmission  (FDM)  should  be  utilized. 
This  technique  should  be  implemented  in  such  a way  so  as  to  facilitate 
conversion  to  a frequency  hopping  technique  at  a later  date. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems. 
Several  different  alternative  subsystem  designs  may  be  found  which 
meet  the  system  operational  and  functional  requirements  of  REMBASS 
within  certain  constraints.  In  o-uef  to  determine  which  subsystem 
alternative  provides  the  best  choice,  alternatives  are  evaluated  and 
analyzed  against  common  criteria  and  one  or  more  possible  alternatives 
are  selected  as  candidates  for  final  system  components.  This  report 
is  concerned  with  the  selection  of  a transmission  technique  for  the 
Data  Transmission  Subsystem  (DTS). 

3.0  STATEMENT  OF  THE  PROBLEM 

Data  from  REMBASS  mu'.  *.  be  communicated  to  remote  readout  stations 
via  radio  frequency  (RF)  links,  especially  designed  for  this  purpose.  In 
some  cases  the  link  will  include  one  or  more  radio  repeaters  due  to  the 
distance  between  sensor  and  readout.  This  RF  communication  link  must 
perform  reliably  in  an  environment  which  consists  of  other  RF  emitters, 
extraneous  noise  sources,  and  possible  enemy  jamming.  Within  given 
constraints,  a communication  technique  must  be  selected  which  provide.' 
the  required  operation  capability  and  is  the  optimum  alternative  measured 
against  the  given  criteria. 

4 . 0 ALTERNATIVES 

Two  alternative  transmission  techniques  will  be  evaluated  and 
analyzed  to  determine  which  technique  most  nearly  satisfies  the  REMBASS 
requirements.  These  are  a)  narrowband;  and  b)  wideband. 

4.1  Narrowband.  A narrowband  transmission  system  is  characterized 
by  the  ratio  of  information  baudwidth  to  baseband  data  bandwidth  being  a 
factor  of  about  10.  Therefore,  the  system  banuwidth  may  be  divided  into 
many  narrowband  channels.  Eacn  channel  may  be  shared  by  many  transmitter/ 
receivers,  all  operating  on  the  same  carrier  frequency.  Two  types  of 
narrowband  systems  will  be  evaluated.  These  are  a)  Slow  Frequency  Hop 
(SFH);  and  b)  Channelized  Frequency  Division  (PD). 
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4.1.1  SFH  System.  The  SFH  system  is  similar  to  the  channelized 

FD  in  that  many  narrowband  channels  are  created  from  the  available  system 
bandwidth.  In  operation,  a transmitter  and  receiver  will  systematically 
switch  from  one  channel  to  another  in  some  pseudo-synchronous  pre- 
determined manner,  only  remaining  on  a given  channel  for  a short  period 
of  time  before  switching  to  the  next  channel.  It  is  not  mandatory  that 
a transmission  occur  before  switching  to  a different  channel.  The 
switching  period  should  be  long  compared  to  a message  duration;  however, 
it  should  vt  be  so  long  that  many  sensor  messages  are  transmitted  during 
each  perio..  Otherwise,  the  message  loss  may  be  inordinately  large. 
Optimizing  .he  switching  period  versus  the  number  of  sensors  on  a channel 
and  relative  clock  stabilities  will  be  a major  concern  with  this  technique. 

4.1.2  Channelized  FD  Svqtam.  The  Channelized  FD  System  is  very 
simple  and  straightforward.  The  system  bandwidth  is  divided  into  many 
narrowband  channels  and  a given  number  of  sensors  are  assigned  to  a rixed 
channel.  The  channel  width  is  determined  by  message  rate,  modulation 
methods,  co-channel  isolation  requirements,  etc.  The  South  East  Asia 
Operational  Sensor  System  (SEAOPSS)  is  representative  of  this  technique. 

4.2  Wideband . A wideband  transmission  system  is  characterized  by 

a large  ratio  of  information  bandwidth  to  data  rate  bandwidth.  The 
objective  of  these  type  systems  is  usually  that  of  trading  bandwidth 
for  processing  gain,  or  signal-to-noise  ratio.  Two  types  of  wideband 
systems  will  be  evaluated:  a)  Pseudo-noise  Spread  Spectrum  (PNSS); 

and  b)  Fast  Frequency  Hop  (FFH) . Both  of  these  types  have  attributes 
which  are  desirable  for  certain  applications. 

4.2.1  PNSS.  This  is  a wideband  system  in  which  the  energy  in  the 
data  signals  is  spread  over  a wide  frequency  band  by  a coding  operation 
prior  to  modulation  and  transmission.  To  provide  a continuous  transmission 
spectrum,  as  well  as  provide  some  degree  of  countermeasure,  the  transmittal 
data  is  made  to  look  like  noise  by  coding  with  a PN  code.  If  a coherent 
system  can  be  designed,  significant  processing  gain  may  be  obtained; 
however,  this  is  usually  at  the  expense  of  high  peak  power. 

4.2.2  FFH.  This  is  a wideband  system  technique  which  is  also  a 
spread  spectrum  subsystem  in  which  some  of  the  bandwidth  spreading  is 

i btained  by  progressively  shifting  the  center  frequency  of  transmission 
around  within  the  system  band.  The  bandwidth  of  a given  transmission  is 
inversely  proportional  to  the  number  of  hopping  frequencies  used. 
Synchronization  of  the  hopping  rate  of  receiver  and  transmitter  is  a must 
for  proper  operation  of  a FFH  system  and  this  feature  tends  to  limit 
the  usefulness  of  the  FFH  wideband  technique. 

5.0  CRITERIA 

The  criteria  which  will  be  used  in  the  comparative  evaluation  of 
alternatives  axxociated  with  this  engineering  analysis  are  defined  be- 
low. In  6.0,  each  alternative  is  evaluated  against  this  crite  ia.  All 
alternatives  will  be  ranked  against  other  alternatives  for  each  criterion. 
Then,  each  subcriterion  will  have  a summary  evaluation  sheet  from  which  1 
the  relative  ranking  of  the  altern-  ives  can  be  determined  for  that  par- 
ticular criterion.  Finally,  a relative  ranking  will  be  compiled  for 
each  major  criterion. 
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This  data  will  be  used  in  7.0  to  make  a comparative  analysis  of  the 
alternatives  to  determine  which  most  nearly  meets  the  REMBASS  require- 
ments. In  cases  where  the  relative  weight  of  an  alternative  within  a 
given  criterion  is  not  considered  exact,  a sensitivity  analysis  (see  8.0), 
vrill  be  performed  to  determine  the  effects  of  errors  in  ratings. 

5.1  Performance  Parameters 


5.1.1  Processing  Gain.  This  is  a measure  of  efficiency  of  signal 
processing  in  the  receiver.  It  is  usually  measured  in  terms  of  the  signal- 
to-noise  ratio  at  the  output  of  the  processor  and  the  carrier-to-n^ise 
ratio  at  the  receiver  IF  (or  limiter)  output. 

5.1.2  Rtculred  Signal-to-Nolse  Ratio  (S/N).  This  is  the  ratio 
required  to  meet  the  operational  requirements  of  rata  error  rates  or 
analog  signal  quality. 

5.1.3  Error  Probabilities.  This  is  a statistical  parameter  which 
relates  the  expected  errors  in  a given  quantity  of  digital  data  as  a 
function  of  f.ome  other  parameter  such  as  (S/N)  . 

5.1  4 Transmitter  Power.  This  parameter  is  used  to  specify  the 
power  required  from  a transmitter  to  meet  such  operational  requirements 
as  error  rates,  transmission  range,  etc.,  for  different  types  of  trans- 
mission and  modulation  techniques. 

5.1.5  ECM/RFI . Electronic  countermeasures  (ECM)  and  radio  frequency 
interference  (RFI)  are  two  forms  of  electronic  RF  signals  which  a communi- 
cation system  must  be  protected  against  to  the  maximum  extent  practicable. 

5.1.6  Spectrum  Utilization.  This  is  a measure  of  the  efficiency 
with  which  a given  transmission  and  modulation  technique  are  able  to 
utilize  a given  assigned  RF  spectrum.  For  REMBASS  it  is  measured  in  terms 
of  the  number  of  separate  communication  channels,  or  the  number  of 
sensors,  which  may  be  accommodated  within  the  band. 

5.2  Versatility.  Versatility  implies  the  ability  to  accommodate 
to  different  situations.  In  the  case  of  the  DTS,  it  means  the  ability 
of  the  transmission  system  to  communicate  analog  as  well  as  digital  data. 

It  also  la  used  to  indicate  the  modifications  or  compromises  in  design 
necessary  to  provide  this  capability  for  a given  transmission  technique. 

5.3  Reliability.  This  is  another  statistical  term  which  is  used 
to  indicate  quality  of  performance.  It  is  generally  defined  as  the  pro- 
bability that  the  device  will  perform  its  function  without  failure  for  the 
period  of  time  intended  under  the  specified  environmental  conditions. 

5.4  Schedule 


5.4.1  Development  Time.  This  is  the  time  required  to  perform  any 
necessary  engineering  development  on  a system  design  before  preproduction 
models  are  available. 
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5.5 


Risk 


5.5.1  Development  Risk.  This  criterion  is  a qualitative  means  of 
estimating  the  probability  that  a chosen  technique,  design,  approach, 
etc.,  will  result  in  a successful  conclusion.  It  is  a non-deterministic 
parameter  in  that  it  depends  on  the  Judgement  of  the  evaluator  as  well  as 
the  capability  of  undetermined  contractors. 

5.6  Logistics 

5.6.1  Test  Equipment  Required.  This  is  the  special  test  equipment 
required  to  support  a given  alternative  at  any  echelon  of  maintenance 
and  repair. 

5.6.2  Maintenance  Skills  Required.  These  are  special  skills  which 
are  required  due  to  the  unique  characteristics  of  the  alternative. 

5.6.3  Equipment  Adjustments  Required.  This  criterion  is  the  measure 
of  time  and  expense  of  putting  the  equipment  in  good  operating  condition; 
also,  the  number  and  frequency  of  adjustments  necessary  to  keep  it  in 
operation. 


5. 7 Coats 


5.7.1  R&D  Costs.  These  costs  are  associated  with,  and  are  directly 
related  to,  the  development  time  criterion. 

5.7.2  Acquisition  Costs.  This  coat  item  includes  recurring  and  non- 
recurring investment  costs  to  provide  the  initial  equipment,  components, 
software,  etc.,  for  the  complement  of  Army  users  of  the  system.  R&D  costs 
are  sometimes  included  in  acquisition  costs  but  are  broken  out  separately 
here. 


5.7.3  Life  Cycle  Support  Costs.  These  are  "operating  costs"  as 
defined  in  AR37-18.  Included  are  a)  personnel  (crew  and  maintenance); 
b)  consumption  (equipments);  c)  Integrated  Logistic  Support  (ILS); 
d)  transportation;  and  c)  depot  maintenance. 

6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6.1  General.  The  REMBASS  DTS  is  required  to  provide  a reliable 
method  of  getting  data  from  remote  sensors  to  a receiver  at  a Sensor 
Readout  Unit  (SRU)  and  also  to  provide  a command  link  from  the  SRU  to 
certain  commendable  sensors.  This  must  be  accomplished  within  an  environ- 
ment of  other  locally  radiated  signals  (RFI),  possible  intentional  jamming 
by  unfriendly  sources,  and  other  indigenous  noise  signals.  A single 
thread  link  is  shown  in  Figure  2-1  where  three  repeaters  are  cascaded 
between  the  sensor  field  and  the  SRU.  This  is  the  maximum  number  of 
repeaters  which  is  expected  to  be  used  on  a channel.  Typically  one,  or 
possible  two  repeaters  will  satisfy  most  requirements. 
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SENSOR/S 


Figure  2-1 

SINGLE  THREAD  REMBASS  DTS  WITH  INTERFERING  SOURCES 


Where  possible,  results  of  other  engineering  analyses  on  similar 
systems  have  been  evaluated  for  possible  incorporation  in  this  report.  1/ 

6.2  ECH  Threat  (Classified).  See  Addendum  A to  this  engineering 
analysis. 

6.3  RFI  Environment  (Classified).  See  Addendum  A to  this  engineering 
analysis. 


6.4  Requirements  and  System  Parameters.  For  the  purpose  of  this 
evaluation,  the  following  system  performance  requirements  and  parameters 
will  be  used: 


a)  Probability  of  Message  Error  (Total) 

b)  Falsa  Alarm  Rate 

c)  Missed  Message  Probability 

d)  Maximum  Active  Sensors 

e)  Maximum  Number  of  Repeaters  in  Tandem 

f)  Data  Requirements  (type) 

g)  Avg.  Digital  Msg  Rate  (Assumed) 

h)  Digital  Message  (Assumed) 


4 x 10  'J 
1/day  max. 

2%  max 

(See  TOA  MPE) 

3 

Digital  and  Analog 
•005/sec. /sensor 
40  data  bits  (including 


i)  Analog  Message 

j ) Range : 

1)  Sensor  (SCM)  to  RR  or  UCR  (LOS) 

2)  RR  to  UCR  (LOS) 

k)  System  Bandwidth 

l)  Sensor  Tx  Oscillator  Instability 

m)  Relay  Rx  Oscillator  Instrbility 

n)  Relay  Tx  Oscillator  Instability 

o)  UCR  Oscillator  Instability 


preamble) 

10  sec. /2kHz  Bandwidth 
See  Classified  Addendum 


+ 10  ppm 
+ 10  ppm 
+ 10  ppm 
+ 2 ppm 


1/  See  response  to  ECOM  REQ  DAAB07-72-  Q-Q181 
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6.5  DTS  Modal.  A signal  model  of  a typical  data  transmi salon  channel 
is  shown  in  Figure  2-3  which  is  representative  of  any  of  the  transmission 
techniques  to  be  considered  in  this  analysis.  A sensor  Is  assumed  to  be 
transmitting  to  a receiver  in  the  presence  of  noise,  RFI,  and  jamming. 

A carrier,  c.(t),  is  modulated  by  a (coded)  message  3-ignal,  m(t),  amplified 
and  coupled  to  the  communication  channel  by  the  antenna.  The  radiated 
signal,  St(t),  suffers  free  space  attenuation,  possible  fading,  and  corrup- 
tion by  noise,  n(t),  and  intentional  jamming,  j(t),  before  arriving  at  the 
receiver  terminals.  The  signal  is  further  corrupted  by  thermal  noise  in  the 
receiver.  After  amplification  and  filtering,  the  signal  is  demodulated  and 
detected  to  recover  a replica,  m'(t),  of  the  message  input:  at  the  sensor 
modulator.  The  data  link  is  designed,  within  specified  constraints,  to 
insure  that  the  message  output,  m* (t),  matches  the  message  input  m{t), 
to  a specified  precision.  That  is,  the  probability  that  the  two  are  different 
must  be  some  specified  maximum  value.  For  digital  data  messages,  this 
is  given  as  a probability  of  message  error  per  message  sent.  The  trans- 
mission techniques  listed  as  alternatives  in  4.0  will  be  investigated  to 
determine  how  they  compare  in  meeting  the  REMBASS  requirements,  when 
measured  against  the  criteria  listed  in  5.0. 

The  message  structure  shown  in  Figure  2-2  will  be  assumed  for 
comparison  purposes. 


I'm  " Message  Duration  (Digital  Only) 


FIGURE  2-2 

ASSUMED  REMBASS  DIGITAL  MESSAGE 
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GENERALIZED  DATA  TRANSMISSION  CHANNEL 


6.6  Data  Link.  Performance  Parameters.  In  the  analysis  of  a 
data  transmission  system  it  is  assumed  that  effects  of  the  separate 
inputs  may  be  added  or  superposed.  Considering  the  power  balanced 
for  the  data  signal  first,  one  finds: 

1)  10  log  PQ  (dB  ) i 10  log  <S/N)tt  (dB)  + 10  log  a(r)  (dB) 


where 


+ 10  log  Ni(dBM> 

Pg,  " Sensor  transmitter  power  (m  watts) 

(S/N)t„  - Required  signal-to-noise  ratio 
Ir 

a(r)  - net  link  losses  (antenna  gains,  path  losses,  etc.) 


N, 


kTe  Bn  - Effective  receiver  noise  power  (total) 

] [K  «•  Boltzmann's  const. 

] [Te  = TA  + (LF-1)  290°K  - Effective  receiver  noise  tempera- 
ture in  degrees  Kelvin 

] [TA  - Receiver  Antenna  noise  temperature 

] [L  • Preselector  filter  losses,  etc. 

] [F  * Receiver  noise  factor 


1 [B 


n 


Receiver  noise  bandwidth 


For  purposes  of  comparing  wideband  and  narrowband  transmission 
techniques,  it  will  be  assumed  initially  that  the  receiver  processor 
is  matched  to  the  incoming  signal  using  either  a correlation  processor 
with  coherent  detection  or  matched  filter  with  sampling.  If  digital 
data  is  being  transmitted  and  processed,  the  output  of  the  processor 
is  related  to  the  (S/N)jp  as  follows: 

2)  (S/N) 


v/here 


M' 


R 


average  energy  per  bit  , ; 

one-sided  noise  power  density 

Bit  rate  bandwidth 

Information  bandwidth  of  the  system 
Processing  gain  in  dB. 


(Required  (S/N)o  for  \ 
given  bit  error  rat el 


With  the  above  assumption  1 becomes 


dB  + 10  log  a(r)  dB 


3)  10  log  Pa  1 10  log 

+ 10  log  (KTe) 


(Eb/n)dB  + 


10  log  \B 


+ 10  log  (Bn)  dB 


Given  the  system  requirements  on  range,  error  rate,  data  rate, 
detection  and  false  alarm  probabilities,  etc.,  equation  3 determines 
the  sensor  transmitter  power  required  where  the  only  source  of  inter- 
ference is  Gaussian  type  noise  with  uniform  power  spectral  density,  n 
watts-sec. 


If  a noise  jammer  is  also  operating  in  the  sensor  band  this  noise 
may  be  much  more  significant  to  contend  with  than  the  extraneous  thermal- 
type  noise;  therefore,  the  sensor  signal-to-jammer  power  ratio  is  of 
primary  importance.  This  is  given  by 

4)  10  log  (S/J)  - 


P<5  ■ Sensor  power  Output 

Pj  ■ Total  jammer  power  (noise-like  signal) 
B * Bandwidth  of  j aimer  noise 

J 

g(r)  « Net  jammer-to-receiver  losses 
a(r)  * Net  sensor-to-receiver  losses 


B • Receiver  noise  bandwidth 
n 


Since  a(r)/g(r)  is  independent  of  the  transmission  technique  it  will 
be  assumed  unity  for  comparison  Purposes  and  therefore  4 becomes 


5) 


10  log 


10  log  As\  Aj\  ; Bj  i B„ 

v J W 


A measure  of  comparison  between  transmission  techniques  is  the  power 
required  by  the  sensor  transmitter  to  provide  a given  measure  of  per- 
formance. For  the  ideal  systems  described  above,  it  is  clear  from  3 
and  5 that  Pg  is  a function  of  the  processing  gain  and  noise  bandwidth 
for  each  technique,  other  things  being  equal.  The  wideband  and  narrow- 
band  technique  will  be  compared  on  this  basis.  They  will  also  be  com- 
pared by  considering  the  limitations  of  each  In  obtaining  the  ideal  per- 
formance indicated  above. 


6.6.1  Wideband  Transmission  Systems.  Wideband  transmission  systems 
are  generally  characterized  as  having  a large  transmission  bandwidth  com- 
pared to  the  baseband  data  oandwidth.  It  is  also  true  that  the  frequency 
Instability  of  the  transmitter  carrier  (as  well  as  the  receiver  local 
oscillator)  is  generally  small  compared  to  the  transmission  bandwidth. 
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Therefore,  the.  noise  bandwidth,  B , of  the  receiver  may  be  considered 
essentially  equal  to  the  transmission  bandwidth,  Bj.  Equation  3 may 
then  be  put  in  the  following  form: 


6) 


psw  (dBm)  - 


(dB)  + Br  (dBHz)  + a(r) 


(dB) 


PSW  “ Wideband  sensor  power  in  dBm  » 10  log  Psw  (mWatt) 
n ■ 10  log  (kTe) 


This  result  would  indicate  that  the  lowest  bit  rate  BR  possible,  consistent 
with  the  maximum  source  message  rate  requirements,  should  be  used. 

Two  factors  preclude  the  arbitrary  selection  of  Bpv:  a)  multiple  users 

of  the  band  require  short  message  lengths  to  reduce,  the  self  interference 
probability;  and  b)  analog  matched  filters  cannot,  as  yet,  be  fabricated 
for  large  bit  periods. 


6. 6. 1.1  Message  Length.  For  lack  of  a better  model  the  sensor 
transmissions  axe  assumed  to  be  Poisson  distributed  with  an  average  rate 
of  . 005/sec. /sensor.  If  the  message  duration  is  Tm,  the  interval  between 
messages  must  be  greater  than  3Tm  to  allow  the  massages  to  be  relayed 
without  interference,  assuming  store-and-forward  repeaters  on  the  same 
channel.  The  probability  of  two  or  more  sensors  giving  a response  in  an 
interval  3Tm  is  approximately  (see  Addendum  B) 


7)  P « 3X  Tm  (n-1)  (If  VTm  « 1) 

X ” avg.  rate/sensor  ■ .005  msg/sec/sensor 
n «*  Number  of  sensors 
Tm  « Message  Length 
P * Probability  of  message  overlap 


The  probability  of  message  overlap  is  determined  from  the  missed 
message  rate  requirement.  The  2%  missed  message  rate  specified  must  be 
divided  between  message  overlap  loss  and  probability  of  non-  detection 
due  to  noise  degradation  of  the  signal.  The  larger  the  percentage 
assigned  to  overlap,  the  larger  will  be  the  probability  of  message  detec- 
tion requirement,  and  therefore  the  larger  the  signal-to-noise  ratio 
required  for  a given  false  alarm  rate.  A value  of  1%  will  be  assumed 
for  overlap  loss.  From  equation  7\  either  the  maximum  message  length 
may  be  determined,  given  the  number  of  sensors  to  be  accommodated,  or,  if 
Tm  is  determined  from  other  constraints,  the  maximum  number  of  sensors 
which  the  system  may  accomodate  may  be  determined. 
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6. 6. 1.2  Matched  Filter  Limitations.  For  short  burst  type  trans- 
mission, which  is  typical  of  RIMBASS  digital  data  messages,  only  analog 
matched  filters  appear  feasible  for  detection  and  processing  of  wideband 
signals  in  the  receiver.  The  present  state-of-the-art  techniques  for 
fabricating  analog  matched  filters  permit  time-bandwidth  products  of  the 
oider  of  150  or  less,  and  therefore  a maximum  processing  gain  of  about 
12  dB.  The  achievable  processing  gain  for  a given  type  of  system  will 
be  considered  later. 

6.6.2  Narrowband  Transmission  Systems.  Narrowband  transmission 
systems  are  characterized  by  low  bit  rate  and  information  bandwidth, 
compared  to  wideband  systems.  The  system  bandwidth  B,  is  divided  into 
channels  each  of  bandwidth  B/C,  where  C is  the  number  of  channels.  The 
maximum  matched  filter  processing  gain  for  narrowband  transmission 

is  also  B-/Bg,  where  Bj  is  the  information  bandwidth  and  under  ideal 
conditions  (perfect  filters,  no  frequency  instabilities,  etc.)  is  equal 
to  B / q.  Also,  if  the  number  of  sensors  per  channel  is  reasonably  large 
(i.e.,  N >>  1)  the  maximum  narrowband  bit-rate  bandwidth,  Bj^  is  equal 
to  the  wideband  bit-rate  bandwidth,  BRW  divided  by  the  number  of  channels 
C.  Therefore,  the  maximum  narrowband  processing  gain  within  each  narrow 
band  channel  is  the  same  as  for  a wideband  system. 

6. 6. 2.1  Message  Length.  To  determine  the  maximum  message  length 
for  the  narrowband  system,  it  will  be  assumed  that  each  narrowband 
channel  must  accommodate  up  to  32  sensors.  Using  the  same  assumptions 
and  parameters  as  for  the  wideband  system  the  message  length  is  found 
to  be 

8)  T < .01 - 21.5  msec 

3X. 005(32-1) 

Letting  Tm  equal  20  msec.,  the  bit  period  for  the  same  40-bit  message 

becomes  0.5  msec/  bit  giving  a narrowband  bit  rate,  BR  of  2000  bits 

per  second  and  a b of 
R 

9)  Bgfl  . B (Hz)  - 2000  Hz 

R 

The  information  bandwidth,  to  obtain  the  same  maximum  processing  gain 
as  the  wideband  system,  is  found  from 

• 26.5  dB  = 450  ratio 


or 

10)  Bx  - 450  x 2000  - 900  kHz 
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It  is  doubtful  that  one  would  consider  this  a narrowband  system.  There- 
fore, the  obvious  solution  is  to  provide  more  available  channels,  and 
consequently  obtain  a greater  sensor  capacity  or  recover  some  anti- 
jamming margin  against  broadband  jammers,  by  reducing  the  noise  band- 
width of  the  receiver  and  therefore  improving  the  (S/N)  for  a given  input 
signal  level  and  jammer  power. 

6. 6. 2. 2.  Matched  Filter  Limitations.  Just  as  the  wideband  system 
is  not  able  to  take  advantage  of  all  the  potential  processing  gain  due 
to  state-of-the-art  capabilities  in  fabricating  matched  filters,  neither 
is  a narrowband  system  able  to  take  advantage  of  all  its  potential  gain 
because  of?  a)  the  frequency  instabilities  of  the  transmitter  and  receiver 
oscillators,  which  caused  Increased  noise  bandwidth,  as  well  as  non-coherent 
processing;  and  b)  imperfect  filters,  which  require  guardbands  between 
channels,  etc.  The  magnitude  of  the  degradation  from  a matched  filter 
operation  by  non-coherent  processing  is  a function  of  the  ratio  of  frequency 
uncertainties  to  bit-rate-bandwidth.  Glenn  2/  has  performed  an  analysis 

on  a narrowband  digital  data  system  in  which  the  predetecticn  bandwidth 
of  the  mark  and  space  channel  was  a function  of  the  source  carrier 
frequency  uncertainty.  The  ratio  of  this  bandwidth  to  the  bit-rate 
bandwidth  (Bj/ Br)  is  assumed  to  be  much  greater  than  one,  due  to  frequency 
uncertainties.  The  receiver  consisted  of  a predetection  filter  (for 
Mark  or  Space)  followed  by  an  envelope  detector  and  a filter  matched  to 
the  bit  rate,  BR.  The  data  in  Table  II-I  and  Table  II-I1  show  a comparison 
of  this  non-coherent  performance  with  a similar  coherent  system  with  an 
equivalent  processing  gain  when  Bj/B^  is  equal  to  10  and  100.  As  indicated 
from  the  tables,  the  performance  of  the  non-coherent  system  improves 
relative  to  the  coherent  system  as  the  input  s/jq  increases  for  either 
Bt/Br.  At  a bit  error  rate  of  10~5  the  deficit  is  about  3 dB,  and  as 
E/jjn)  becomes  much  greater  than  B-^/B^  the  performance  approaches  the 
optimum  FSK  System. 

6.6.2. 3.  Narrowband  Bandwidth  with  Frequency  Uncertainty, 

The  minimum  channel  bandwidth  (Be)  required  for  a narrowband  system 
with  bit  rate  bandwidth  Brn  an^  frequency  uncertainty  /AF/  is 


11)  Bj.  > 2 (Bjy^  + /AF/) 

assume  /AF/  - 10x10  ^xl53xl0^  « 1530  Hz 
and  from  9 

12)  -2000  Hz 


2/  "Analysis  of  Non-coherent  FSK  Systems  with  Large  Ratios  of  Frequency 

Uncertainties  to  Information  Rates",  A. B. Glenn, RCA  DEP, Moores town, N.J. 
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TAKLE  II~I 

CMqpadsoa  of  M«n-Oh*rent  Pcrfarasnca  with  a Similar  C#4**ant 
Systae  - Equivalent  Pra ceasing  Gain  - 10 


B,  , - 10:  MAXIMUM  PROCESSING  GAIN  ■=  10  dB 


BIT  ERROR  ENERGY -TO-  MATCHED  I ACTUAL 
PROK.  NOISE  DEN.  FILTER  INPUT 


(S/N),  (S/N) 


DEFICIT 


[(S/N)r(S/N)a) 


1.5x10 

3.xl0"2 

c , „~4 


0 dB 
5 dB 
10  dB 

11.2  dB 
12.0  dB 

12.5  dB 


0 dB 

1.2  dB 
2.0  dB 

2.5  dB 


-2  dB 
1 dB 
4 dB 
4.9  dB 

5.2  dB 

5.5  dB 


-8  dB 
-6  dB 
-4  dB 
-3.7  dB 
-3.2  dB 
-3.0  dB 


TAXLE  II-II 


GaaqpariaM  of  IUm-Cah*remt  Performance  with,  a Similar  Coherent 
'System  - Equivalent  Processing  Gain  - 10® 


(B , , ) - 100;  MAXIMUM  PROCESSING  GAIN  = 20  dB 


BIT  ERROR 

ENERGY-TO- 

MATCHED 

ACTUAL 

DEFICIT 

PROB . 

NOISE  DEN. 

FILTER  INPUT 

INPUT 

P 

e 

(Eb/n> 

(S/N) j 

<s/tOo 

l(S/N)i-(S/N)a] 

l.SxlO-1 

0 dE 

-20  dB 

-7.5  dB 

-12.5  dB 

3x1 0"2 

5 dB 

-15  dll 

-4.5  dB 

-10.5  dB 

5x10" 4 

10  dB 

-10  dB 

-2.2  JB 

| 

-7.8  dB 

lxiO 

11.2  dB 

-8.8  db 

-2.0  dB 

-6.8  dB 

■•5 

3x10 

. 12.0  dB 

-8.0  dB 

-1.8  dB 

-6.2  dB 

lxlO~5 

12.5  dB 

-7.5  dB 

-1.7  dB 

-5.8  dB 

Therefore 


Bx  1 2(2000  + 1530) 
Bx  1 7060  Hz 
assume 

Bj.  - 10  kHz 

then 


bj/brn  “ 5 

It  Is  therefore  a reasonable  assumption  that  the  loss  in  processing  gain 
for  this  narrowband  system  will  be  less  than  3 dB,  although  the  approxi- 
mation made  in  the  Glenn  analysis  requires  a larger  Bj/B  ratio  for  the 
results  to  be  valid. 

The  above  bandwidth  requirement  assumes  that  the  modulation  is  either 
AM  or  narrowband  FM  (or  PM) . If  FSK  modulation  is  used  for  the  digital 
modulation,  a minimum  B of  the  order  of  1 would  be  required  to  minimize 
Gaussian  noise  errors  and  spike  errors  at  reasonable  (S/N)  ratios  3 _7 
therefore, channel  bandwidth  Be  would  be  a minimum  of  about  2Bj.  or  approxi- 
mately 20  kHz  under  the  above  assumptions. 

6.7  System  Types.  In  order  to  make  a more  definitive  comparison 
between  wideband  and  narrowband  transmission  techniques,  two  types  of 
system  implementation  will  be  selected  for  each  technique  and  pertinent 
parameters  will  be  determined  for  each  of  these  types  from  which  additional 
comparisons  can  be  made. 

6.7.1  Wideband  System  Types.  The  types  of  wideband  systems  to  be 
evaluated  are:  PNSS  and  FFH. 

a)  PNSS  - This  is  a wideband  type  in  which  the  instantaneous  band- 
width is  generally  equal  to  the  total  system  bandwidth.  That  is,  the 
energy  of  each  transmitted  code  bit  is  spread  over  the  band,  although  not 
of  uniform  spectral  density.  Each  information  bit  is  coded  with  a PN  code 
whose  bit  rate  is  sufficient  to  provide  the  desired  degree  of  band-spreading. 
Ideally,  the  length  of  the  PN  code  would  be  sufficient  to  resemble  a noise 
burst  with  periodicity.  However,  in  practice  the  length  of  the  code  is 

not  usually  an  independent  parameter  if  matched  filter  processing  is  desired. 

b)  FFH  - This  type  may  also  be  considered  a spread  spectrum  technique. 
However,  it  differs  from  the  PN  technique  in  that  only  a portion  of  the 
system  bandwidth  is  utilized  in  each  code  bic  transmission,  but  the  carrier 
frequency  is  switched  after  each  code  bit  transmission  so  that  the  total 
system  bandwidth  is  utilized  (usually)  during  a given  message  transmission. 

3/  "Error  Rates  for  Digital  Signals  Demodulated  by  an  FM  Discriminator", 
Donald  L.  Schilling,  et  al.  IEEE  Trans,  on  Comm.  Tech.,  Aug.  1967. 
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The  desired  information  bandwidth  is  obtained  by  coding  in  a similar 
manner  to  PNSS.  A tradeoff  must  be  made  between  the  obtainable  pro- 
cessing gain  per  information  bit  and  the  number  of  separate  frequencies 
available  for  hopping. 

6.7.2  Narrowband  System  Types.  The  types  of  narrowband  systems 
to  be  evaluated  are  SFH  and  FD,  sometimes  referred  to  as  the  Freque  'ey 
Division  Multiplex  (FDM)  System. 

a)  SFH  - This  is  a narrowband  type  in  which  the  system  bandwidth 
is  divided  into  several  narrower  bands.  Each  transmitter  switches  from 

one  channel  to  the  next  in  a predetermined  order  until  all  assigned  channels 
have  been  utilized.  The  number  of  assigned  channels  may  be  all  available 
channels  or  it  may  be  a particular  set  of  the  total  number.  The  rate  at 
which  channels  are  selected  (hop  rate)  may  be  approximately  equal  to,  or 
somewhat  less  than  the  average  message  rate.  It  may  have  all  the  other 
characteristics  of  the  FDM  narrowband  system. 

b)  FD  - In  this  type  of  system,  the  system  bandwidth  is  also 
divided  into  many  channels  whose  bandwidth  is  sufficient  to  acconmodate 
the  required  data  rate  and  modulation  method.  Each  device  transmitter 
is  assigned  to  a channel  and  remains  on  the  channel  for  all  its  trans- 
mission life.  This  is  the  major  difference  in  FDM  and  SFH. 

6.8  Evaluation  of  Candidate  Systems.  Each  of  the  system  types 
will  be  analyzed  in  terms  of  common  performance  parameters. 

6.8.1  Processing  Gain.  Processing  gain  is  defined  as  the  improve- 
ment in  (S/N)  of  the  desired  signal  as  it  is  processed  and  detected  in  the 
receiver.  Processing  gain  may  be  used  to  a)  reduce  the  required  receiver 
(S/N)  for  a specified  error  performance;  b)  increase  the  transmission 
range  for  a given  transmitter  power;  or  c)  provide  a margin  of 
anticipated  noise  sources.  Against  a noise  jammef,  it  provides  a so 
called  AJ  margin.  Regardless  of  the  system  type,  the  maximum  available 
processing  gain  is  equal  to  the  product  of  the  message  duration  and  the 
system  bandwidth.  For  practical  reasons,  the  maximum  processing  gain 
is  seldom  achieved. 

a)  PNSS  - The  limitations  of  analog  matched  filter  processors 
for  burst  typo  messages  has  already  been  discussed.  To  provide  the  maxi- 
mum number  of  sensor  for  a given  self-interference  probability,  each 
message  bit  will  be  coded  to  provide  the  maximum  processing  gain  per  bit 
and  transmitted  once,  therefore,  no  additional  processing  gain  is  available 
from  post-detection  processing.  Assuming  the  maximum  TgBp  a 150  for  a 
PNSS  system  gives  a processing  gain  of 

13)  Gp  - 10  log  TgBp  - 10  log  150  « 21.8  dB 
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where 


Bp  - Pseudo-noise  transmission  bandwidth 
Tg  - Message  bit  duration 


and  since 


B - 15  MHz  ■ System  Bandwidth 
Tfi  ± 10  usee  per  bit 


14)  T ■ 40xl0usec  " 400  usee 
in 

*■  message  duration 


N - chips  per  message  bit 


t * chip  duration  - TQ/N 

The  closest  PN  code  to  the  assumed  TfiB  product  is 
N - 151 

Therefore 

15 ) r  ■ 10X10~6  3ec  ■ .066  usec/chip 

.151 

and  the  chip  rate,  Rc  is 

16)  Rc  - - 1 -6  - 15.1  MHz 

t .066  x 1C 

The  data  bit  rate,  Rjj,  is 

17)  Rjj  - _L_  - 100  K b/s 

TB 

giving  a bit-rate  bandwidth  requirement  of 


u.,.j U j.  — ~!‘  , 


Rd  (Hz)  - 100  kHz 


log  Be  - 50  dBHz 

FFH  - The  FFH  system  divides  the  available  system  bandwidth 
into  a set  of  equally  spaced  frequencies  and  the  spacing  gives  the  maxi- 
mum information  bandwidth  per  transmission.  The  potential  processing 
gain  is  then  a tradeoff  between  the  number  of  separate  bands  used  and  the 
allowable  time  for  each  transmission.  If  a separate  frequency  band  is 
selected  for  each  message  bit,  the  bandwidth  per  bit  becomes  375  kHz. 

With  the  practical  limitation  on  analog  matched  filters  of  about  20  usec/bit 
the  processing  gain  per  bit  then  is  only  about  8.7  dB.  This  would  give 
a message  time  of  800  usee.  To  achieve  a higher  processing  gain  it  will 
be  assumed  that  the  system  bandwidth  is  divided  into  three,  5 MHz, 
segments.  All  three  frequencies  (f,,  f2»  f^),  proper ly  modulated,  will 
be  sent  each  data  bit  time  with  one^sequence  of  frequencies  representing 
a binary  digit  *1*  and  an  alternate  sequence  representing  the  binary 
digit  'O'. 

18)  S " 3 * Sub-bits  per  message  bit 

By.  “ 15  MHz  « 5 MHz  ■ FFH  transmission  bandwidth 

TSB  - 20xl0~6  sec  - Sub-bit  duration 

Therefore,  the  FFH  processing  gain  is 

19)  Gp  - 10  log  Tsb  Bp  - 10  log  100  - 20  dB 
and  the  40  bit  message  duration  is 

20)  T - 3x40x20xl0-6  - 2400  usee 

m 

The  closest  PN  code  to  the  assumed  Tg^  Bp  product  Is 

N - 103 


10 

b) 


Therefore 

21)  t - 20xl0~k  » .194  usec/chip 

103 

The  chip  rate  is  therefore 

22)  R - 1 - 5.15  MHz  Mhp/sec 

c y 

The  data  bit  rate  is 
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t£jj 


from  which  the  data  bit-rate  bandwidth  is 
Bd  - Rp  (Hz)  - 16.6  kHz 
or  10  log  Bq  - 42.2  dBHz 

and  the  code  bit-rate  bandwidth  is 
B ■ 1 " 50  kHz 

*v  rp 

ASB 

or  10  log  Be  **  47  dBHz 

With  the  redundant  transmission  of  three  sub-bits  per  message  data  bit, 
matched  filter  processing,  followed  by  digital  processing  of  the  three 
sub-bits,  can  reduce  the  required  (S/N)  per  sub-bit,  although  a net  energy 
loss  will  result  when  compared  to  matched  filter  processing  of  the  full 
data  bit. 

c)  SFH/FD  - The  SFH  and  FD  narrowband  system  types  are  similar 
in  most  respects,  since  similar  modulation  and  demodulation  characteristics 
would  be  applicable  to  each.  Although  modulation  methods  will  be  evaluated 
and  compared  as  a separate  exercise,  it  will  be  assumed  for  this  evaluation 
that  FSK  would  be  used  for  the  SFH  and  FD  systems.  Therefore,  the 
processing  gain  to  be  expected  in  the  receiver  depends  on  the  channel  band- 
width for  a given  bit  rate  and  frequency  uncertainty.  From  previous 
consideration  it  is  estimated  that  a minimum  processing  gain  per  channel 
of  8 dB  may  be  obtained,  providing  the  input  (S/N)  is  reasonably  high-r(  10  dB) 

6.8.2  Required  Output  Signal-to-Noise  Ratio  (S/N) . The  signal-to- 
noise  ratio  required  at  the  decision  device  (to  reconstruct  the  modulating 
signal,  m(t))  depends  upon  various  allowable  error  probabilities  which 
may  in  turn  depend  upon  the  structure  of  the  message.  In  addition  any 
redundancy  in  the  message  due  to  coding  is  also  significant. 

If  the  receiver  could  decide  when  the  signal-to-noise  ratio  was 
sufficient  to  permit  the  decoding  to  take  place  within  the  allowable 
error  rate,  it  could  squelch  the  signal  into  the  decoder  until  the  (s/N) 
was  adequate  for  the  decoding  reliability  required,  then  process  the 
incoming  signal.  Alternatively,  the  message  can  be  coded  with  a preamble 
from  which  the  subsequent  decoding  of  the  message  would  depend  on  receipt 
of  the  correct  message  preamble.  For  purposes  of  comparison,  the  latter 
case  will  be  assumed.  An  eight  bit  preamble  will  be  assumed  for  message 
detection  and  false  alarm  probability  evaluation,  from  which  the  required 
(S/N)  can  be  determined.  Subsequent  probability  of  bit  error  will  then  be 
evaluated,  given  taut  a message  is  present. 
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a)  PNSS  - The  reference  PNSS  system  utilizes  a 151  chip  PN  code 
per  message  data  bit.  To  evaluate  false  alarm  and  detection  probability 
let 


P - Prob.  of  message  detection  (Preamble  Detection)  given 
that  a message  was  sent 


Ppjj  ■ Prob.  of  data  bit  detection 


then 


24)  P 


DM 


but 


8 

i ■ 6 


i (8-i) 

a-pDB) 


(6  out  of  8 correct 
bits  in  the  Preamble) 


56  PDB6 


(1  - I- 


86  PDB  + '875  PDB2) 


P^,.  ■ l-(Prob.  of  message  dismissal  due  to  noise  only) 
DM 

■ 1 - .01  » .99  (specification) 


therefore,  from  24) 


25)  PDB  - .924 

To  determine  false  alarm  probability  let 

FAD  * expected  false  alarm  per  day 

PFAM  “ Prob*  of  message  false  alarm 

PFAB  " P*ob.  of  data  bit  false  alarm 

p^  • prob.  of  false  alarm  during  chip  time 

The  probability  of  message  false  alarm,  PFAM,  is  based  on  the  assumption 
that  if  six  data  bit  false  alarms  occur  wlcnin  a time  interval  equal  to 
eight  data  bits,  given  that  one  false  alarm  has  occurred,  then  a message 
will  be  declared  and  therefore  a message  false  alarm  liill  have  occurred. 


28)  PpAB  - 151  Pc 

and  a message  false  alarm  will  occur  with  a probability  of 

(six  false  alarm  bits  out 
of  8 bit  times) 


27)  PFAM  “ A£)6 


since 


PFAB 


<<  1. 
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Also 


28)  FAD  ■ ^FAM'*  x (messa8e  opportunities  per  day) 

■ ^FAM  x ^*^4  x 104  1 

~80  x 10“b 


but 


FAD  <_  1 (specification 

therefore,  from  26,  27  and  28: 

29)  P - 10”4 

c 

Using  the  detection  and  false  alarm  parameter  values  from  25  and  29, 
the  required  (S/N)  is  found  to  ba 

30)  (S/N)p^g<.  “ 12  dB  (Receiver  sensitivity  **  -103  dBm) 

The  digital  processing  gain  resulting  from  the  preamble  is  found  to  be 
approximately  3.3  dB.  Therefore,  if  matched  filter  processing  could 
have  been  performed  directly  on  the  eight  bit  preamble,  the  required 
preamble  fc^/p)  would  have  been  15.3  dB.  Since  the  (S/N)  given  hy  30  mav  be 
equated  to  the  energy  per  bit  to  noise  density  (Eb/?i)  the  power  required 
is  greater  when  a matched  filter  per  bit  is  followed  by  digital  processing, 
and,  therefore,  the  processing  loss  is 

31)  Loss  < 1 15.3  dB  - 12  dB  -10  log  (8)  d3|  - 9.3  dB 

Once  a message  has  been  detected  (with  a given  confidence)  the  prior 
knowledge  about  the  message  (bit  rate,  length,  etc.)  permits  the  sub- 
sequent evaluation  of  the  bits  (as  being  either  a f 1 * or  ’O’)  to  be 
made  with  greater  confidence,  or  with  a smaller  probability  of  error. 

With  matched  filter  processing  of  the  data  bigs  ohe  bit  error  probability, 
with  the  E^/ri  given  by  30i  is  less  than  10  , and  therefore  the  total 

message  error  probability  of  4x10"^  for  a SLiing  of  three  repeaters  plus 
a UCR  is  easily  met. 

b)  FFH  - The  reference  FFH  system  utilizes  three  PN  code  bits 
per  message  bit  with  each  code  bit  containing  103  chips.  Using  the  same 
preamble  and  processing  criteria  as  before,  the  required  probability 
of  detection  per  data  bit  is  still  .924.  However,  since  there  are  now 
three  code  bits  per  data  bit,  and  the  probability  of  detecting  a code 
bit  is  the  criterion  which  will  determine  the  EL  /n  per  code  bit, 
digital  processing  of  the  code  bits  is  possible.  The  optimum  choice 
is  two  out  of  three  code  bit  detections  for  a data  bit  detection:  4 / 

With  these  constraints,  the  required  probability  of  detection  per  code 
bits  is 

32>  pDCB  - -831 

4/  Schwartz,  M.  "A  Coincidence  Procedure  for  Signal  Detection,"  Trans. 

IRE,  Vol.  IT-2,  No.  4,  Dec  1956. 


and  the  allowable  false  alarm  probability  per  chip  is  about 
7 x 10~4  but  will  be  assumed  to  be  10"^,  aa  with  PNSS.  The  required 
(S/N)  is  then  determined  to  be 

33)  (S/N)p..H  = 11.2  dB  (per  PN  code  bit)  (Receiver  sensitivity  * 

-107.1  dBm) 

Whereas  the  energy  per  code  bit  has  been  reduced  by  0.8  dB  vs.  PNSS, 
the  energy  per  data  bit  has  been  increased  by  about  4.8  dB.  Much 
of  this  difference  results  from  the  fact  that  che  processing  time  cannot  be 
increased  to  compensate  for  the  reduced  bandwidth  of  the  FFH  code  bits, 
due  to  practical  design  limitations. 

c)  SFH/FD  - These  system  types  are  again  considered  equal  for  the 
purpose  of  the  (S/N)  requirement.  There  will  be  one  bit  per  data  bit  and 
it  is  assumed  that  message  preamble  and  preamble  processing  is  the  same 
as  for  the  PNSS  and  FFH.  Therefore,  the  probability  of  detection  per 
data  bit  will  be  identical  with  the  PNSS.  That  is 

34)  P^  ■ .99  (specification) 

35)  PDb  “ .924  (see  24)) 

The  bit  false  alarm  requirements  will  be  different  due  to  the  bit-rate 
bandwidth,  BR,  differences.  For  the  Bp  given  by  12,  the  probability. of 
false  alarm  per  bit  is  about  1.5  x 10~2  . For  purposes  of  this  relative 
comparison  it  will  be  assumed  that  the  bit  false  alarm  probability  can  be 
no  greater  than  10“ 2 giving  a required  S/N  of 

36)  (S/Njjjg  >.  9.8  dB 

Although  .ue  probability  of  false  alarm  per  opportunity  given  above 
meets  the  message  false  alarm  probability  requirement  of  1 false  alarm 
per  day  (FAD),  in  practice,  the  decision  threshold  would  be  set  to 
provide  a Pfab  °f  about  10"^.  With  the  same  missed  message  requirement, 
the  required  S/N  or  E^/n  would  be  increased  to  about  12  dB.  The  actual 
value  may  be  determined  by  the  bit  error  probability  requirement  (see 
next  section). 

6.8.3  Error  Probabilities.  Once  the  message  has  been  detected, 
with  the  desired  confidence,  by  declaring  that  the  preamble  has  been 
received,  the  prior  knowledge  about  the  message  (bit  rate,  length,  etc.) 
may  be  used  to  aid  in  decoding  the  message.  In  order  to  estimate  the 
subsequent  error  probability  during  decoding  at  the  given  E^/ri  , 
additional  information  must  be  available,  namely,  what  modulation  method 
is  used. 

For  the  PNSS  and  FFH  system,  a SWD  will  be  assumed  for  coding  and 
modulating  the  data  bits  producing  a PSK  output  at  the  respective  chip 
rate.  Since  a complementary  device  will  be  used  in  the  receiver,  the 
resultant  system  is  approximately  equivalent  to  a coherent  PSK  system  from 
which  the  relation  between  the  error  probability  and  bit  energy- to-noise 
density  in  the  receiver  is  given  by 
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37)  Pe  - 1 j 1-erf  v'E/n  J 
2 u 

For  the  SFH/FD  systems,  an  FSK  non-coherent,  "matched"  filter 
env  lope  detector/processor  will  be  assumed  for  comparison  purposes. 
Performance  of  practical  filters  need  be  no  worse  than  about  1 dB 
less  than  matched  filters,  so  the  above  assumption  is  not  too  farfetched. 
For  this  case,  the  probability  of  error  becomes  ' • 


a)  PNSS  - Using  the  relation  37  and  the  value  of  (S/N)  given  by 
29,  the  error  probability  after  message  detection  becomes 

39)  Pe  “1  |l-  erf  /l5 . 9J 

PNSS  2 

- 8.5  x 10"9 


b)  FFH  - Using  the  relation  37  and  the  value  of 
32,  the  error  probability  after  message  detection  becomes 

Pe  ■ 1 Jl-erf 
FFH  2 L 

- 1.4  x 10' 


c)  SFH/FD  - Using  the  relation  38  and  the  value  of  (S/N)  given  by 
36,  the  error  probability  after  message  detection  becomes 

Pe  » 1_  exp  [”  9.55~| 

2 L 2 J 

- 4.2  x 10"3 


This  error  probability  is  not  sufficient  to  meet  the  link  requirements 
listed  previously.  To  obtain  a Pe  of  3 x 10  or  less,  as  required,,  the 
(S/N)  must  by  increased  to  about 

(S/N)  s 13  dB  (SFI1/FD) 

(Receiver  sensitivity  * -119.3  dBm) 

When  the  decision  threshold  is  set  for  the  same  message  detection  proba- 
bility with  this  (S/N),  a false  alarm  would  almost  never  occur.  Two  alt- 
natives  are  possible:  1)  the  message  detection  probability  may  be 

increased,  thereby  increasing  the  bit  false  alarm  probability  but  still 
maintaining  the  expected  false  alarm  of  one  per  day.  or  2)  the  preamble 
may  be  reduced  from  eight  bits  to  three  bits  which  would  still  maintain 
the  required  detection  and  false  alarm  probabilities. 
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With  a three-bit  preamble  and  a two-out-of-three  digital  processor 
for  message  detection,  thB  required  bit  detection  probability  becomes 

4!)  PDB  - .941 

With  the  threshold  set  for  the  at  a (S/N)  of  13  dB,  the  bit  false 
alarm  becomes 

42)  PFAB  - 1 » l(f5 

which  is  sufficient  to  meet  the  message  false  alarm  per  day  requirements . 

This  (S/N)  of  13  dB  will  be  used  instead  of  36  for  the  narrowband  systems. 
Error  performance  for  all  alternatives  is  given  in  Table  II-I1I. 
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TABLE  II  - III 


(2)  Required  Pe  for  single  receiver  Is  1.25x10”^.  Worst  cast  Pe  for  three 
repeaters  plus  UCR  is  3.1xl0~5. 


6. 8. A Transmitter  Power  Requirements.  A fundamental  measure 
for  comparing  the  various  transmission  techniques  is  the  transmitter 
power  required  to  meet  the  same  performance  requirements  in  a given 
environment.  There  is  a limit  to  the  amount  of  power  which  the  battery 
is  capable  of  providing,  or  given  that  the  battery  can  provide  the 
power,  the  expected  life  of  the  sensor,  relay,  etc.,  is  a function  of 
the  transmitter  power  requirement.  For  the  sensor,  the  power  will  be 
determined  based  on  an  estimated  loss  for  a 15  km  line-of-sight  distance 
to  the  repeater.  For  the  repeater,  a 60  km  range  will  be  assumed. 

Path  loss  for  these  ranges  assumes  a European-type  terrain  with  the 
device  antenna  characteristics  as  shown  in  Table  1I-IV. 


TABLE  II-IV 


Device  Antenna  Characteristics 


Other  parameter  values  which  will  be  used,  for  determining  power 
requirements  are: 

T^  ■ Antenna  Noise  Temperature  ■ 1300°K  (ambient) 

L **  Filter  and  Cable  Losses  - 1.5  dB  “ 1.42  ratio 

F - Receiver  Noise  Figure  ■ 4.5  dB  ■ 2.82  ratio 

Te  ■ Equivalent  Noise  Temperature  - T^  + (LF-1)  290°  K 

1 dBm  * Receiver  Noise  Density  ■ 10  log  kTg  ■ 165.3  dBm/Hz 
Hz 

a (r)  ■ Net  Loss  from  Transmitter  Output  to  Receiver  Terminals 
■ (Path  Loss ) - 2 (Antenna  Gains)  “ Lp  - - G^r 

Sensor-to-Repeater  or  UCR: 

43)  « (r)  - -0  + 145.6  dB  - 2 + 143.6  dB 
Repeater-to-Repeater  or  UCR: 

44)  a (r)  - -2  + 158  dB  - 2 * 154  dB 
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6. 8. 4.1  Ambient  Noise  Envir jnment . The  peak  transmitter  power 
requirement  for  the  sensor  and  repeater  transmitter  will  be  determined 
for  an  assumed  noise  environment  only.  Pertinent  parameter  values  are 
given  in  Table  A-I  5/  with  the  resultant  power  values. 

a)  Wideband  Systems  - The  PNSS  and  FFH  power  requirements  are 
determined  from  equation  6 on  the  assumption  that  a surface  wave  device 
(SWD)  is  used  for  coding  and  decoding  the  messages. 

b)  Narrowband  Systems  - Power  requirements  for  the  SFH  and  FD 
systems  are  determined  from  equation  If  assuming  a non-coherent  FSK 
modulation  with  frequency  uncertainty.  Therefore,  the  (S/N)jp  required 
to  obtain  the  Eb/q  of  13  dB  would  be  about  5 dB.  This  accounts  for  the 
approximate  2 dB  loss  in  the  detector  against  the  potential  10  dB  of 
processing  gain  due  to  bandwidth  reduction. 

6.8.4. 2 Noise  Jammer.  A/J  Margin. (Classified)  5/ 

6.8.6  Spectrum  Utilization.  The  ability  to  operate  REMBASS  sensors 
in  the  presence  of  other  co-band  users  has  been  briefly  addressed  under 
the  condition  of  RFI  susceptibility  for  each  of  the  transmission  techniques. 
In  view  oi  the  short  duration  burst  nature  of  sensor  signals  it  is  not 
likely  that  these  would  cause  significant  interference  with  other  users  of 
the  same  RF  spectrum  as  REMBASS,  regardless  of  the  transmission  technique. 
This  has  proven  to  be  the  case  with  Phase  III  sensor  signals.  Therefore, 
spectrum  utilization  will  be  considered  from  the  standpoint  of  REMBASS 
alone. 

6. 8. 6.1  Number  of  Available  Channels 

a)  PNSS/FFH  - Both  wideband  transmission  types  utilize  the  full 
system  bandwidth  during  each  transmission,  therefore  only  one  channel  is 
available  for  all  sensors. 

b)  SFH/FD  - On  the  basis  of  previous  assumptions  concerning  modu- 
lation method,  bit  rate,  etc.,  the  required  bandwidth  per  channel  is 

20  kHz.  With  a 15  MHz  system  bandwidth,  this  would  provide  750  channels 
for  the  narrowband  transmission  technique.  To  minimize  co-channel  inter- 
ference and  simplify  hardware  design,  it  will  be  assumed  that  only 
alternate  channels  are  used  which  would  provide  375  usable  channels. 

6 . 8 . 6 . 2 Total  Number  of  Sensors 

a)  PNSS  - The  total  number  of  sensors  accommodated  by  the  wideband 
PNSS  system  may  be  determined  from  7.  The  message  duration  (40  bits) 
is  given  by  14 . 


5/  Sections  6. 8. 4. 2 thru  6. 8. 5. 5 including  Tables  A-I,  A-II  6 A-III 
are  in  Classified  Addendum  A. 
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n 


_P 

3XTm 


(n»l;  ATm«l) 


P - .01 

A - .005 

Tin  - 400  10~6 

n “ .01 

3 x .005  x 400  x 10_t) 


n ■ 1670  sensors 

b)  FFH  - The  message  duration  for  the  FFH  system  is  2400  usee, 
therefore 


n «•  278  sensors 

c)  SFH  “ To  determine  the  number  of  sensors  which  the  SFH  system 
can  accommodate,  one  must  select  the  number  of  channels  in  the  hopping 
sequences.  This  set  of  channels  then  becomes  a "hopping  channel".  The 
number  of  "hopping  channels"  is  found  by  dividing  the  number  of  channels 
in  the  sequence  into  the  total  number  of  channels.  Since  there  can  be 
no  more  than  32  sensors  (on  the  basis  of  previous  calculation)  per 
"hopping  channel,"  the  number  of  sensors  accommodated  by  the  SFH  is 
inversely  proportional  to  the  number  of  channels  in  the  hopping  sequence. 

Assume  that  each  "hopping  channel"  consists  of  a specified  set  of 
7 channels  arbitrarily  distributed  over  the  system  bandwidth.  There  will 
then  be 


375  a 50  "hopping  channels" 

5 

With  32  sensors  per  "hopping  channel,"  the  SFH  can  accomodate 
50  x 32  - 1600  sensors  total. 

If  a set  of  5 channels  is  selected  per  "hopping  channel,"  the  number  of 
"hopping  channels"  becomes  75  and  the  total  number  of  sensors  is  increased 
to  2400  total.  For  comparison  purposes,  it  will  be  assumed  that  a set  of 
5 channels  is  used  for  a "hopping  channel". 

d)  FT  - The  message  duration  for  the  channelized  system  was  based 
on  32  sensors  per  channel.  If  all  375  channels  are  usable  (which  is 
unlikely),  the  total  number  of  sensors  which  may  be  accomodated  by  the 
narrowband  FDM  technique  is 

n - 375  channels  x 32  sensors 

channel 


- 12,000  sensor 8 
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Although  there  will  never  be  a requirement  to  deploy  12,000  sensors 
at  a given  time,  having  this  capability  permits  a greater  flexibility 
for  assigning  sensor  ID  in  addition  to  reducing  self-interference 
between  sensor  transmissions  in  areas  of  higher-than-nonoal  activity. 
(See  Table  1I-V  and  II-VI). 


TABLE  II-V 
SPECTRUM  UTILIZATION 


AVAILABLE  CHANNELS  & TOTAL  SENSORS 

SYSTEM  TYPE 

AVAILABLE  CHANNELS 

TOTAL  SENSORS 

WIDEBAND 

2 

(1)  PNSS 

1 

1670 

(?)  FFH 

1 

278  1 

NARROWBAND 

4 

(1)  SFH 

75  "Hopping  Channels" 
(see  Note) 

2,400 

(2)  FD 

375 

12,000  10 

Note:  A "hopping  Channel"  is  a set  of  5 channels  used  in  a hopping 

sequence  by  a given  set  of  32  sensors  or  less. 


Data  for  this  table  will  be  generated  by  analysis  of  individual  criterion  in  previous  tables 


6.8.7  Versatility  (See  table  1I-VII) . The  versatility  of  the 
transmission  techniques  will  be  compared  on  the  basis  of  the  ability 
to  transmit  analog  data  messages  in  addition  to  digital  data  messages. 

The  measure  of  comparison  will  be  the  relative  increase  in  equipment 
requirements  necessary  to  transmit  the  analog  data  in  the  most  expeditious 
manner.  A logical  assumption  applicable  to  all  systems  in  that  analog 
data  transmission  will  only  be  required  from  a limited  number  of  sensors 
and  then  only  on  command. 

Two  possibilities  exist  for  digital  transmission  of  analog  data 
over  the  wideband  systems:  a)  pluse  code  modulation  (PCM);  or  b) 

delta  modulation  (DM).  Quantization  noise  (S/N)q  is  inversely  propor- 
tional to  the  number  of  levels  of  the  PCM  code  and  to  the  bit  rate  for 
DM.  For  bit  rates  up  to  about  40  Kb/s,  DM  provides  a better  signal-to- 
quantization  noise  ratio  than  PCM  but  for  higher  bit  rates,  PCM  out- 
performs DM  from  the  standpoint  of  (S/N)q.  An  additional  advantage  with 
DM  is  that  a single  bit  error  can  cause  only  minor  distortion  in  the 
output,  whereas  a bit  error  in  PCM  may  cause  an  equivalent  noise  spike 
of  from  the  least  incremental  level  to  full  amplitude,  depending  on 
which  bit  is  in  error.  Therefore,  DM  will  be  thp.  mode  of  transmitting 
analog  data  using  the  PNSS  wideband  technique,  and  may  be  applicable  to 
FFH  also. 

For  the  narrowband  systems,  direct  transmission  of  the  analog  data 
will  be  considered  using  linear  FM. 

a)  PNSS  - By  using  the  same  word  length,  message  rate,  etc.  as 
used  for  digital  data,  only  the  sensor  would  be  modified  for  transmission 
of  analog  data  using  DM.  Assuming  that  21  bits  of  the  message  may  be  used 
for  transmitting  the  DM  data,  an  average  bit  rate  of  21  x 833  ■ 17.5  Kb/sec 
may  be  obtained.  With  this  data  rate,  the  signal-to-quantizing  noise 
ratio  (S/N)q  will  range  from  about  10  dB  at  the  upper  analog  frequency 
to  about  25  dB  at  the  lower  frequencies.  Observations  on  commercial 
telephone  circuits  have  indicated  a (S/N)q  of  at  least  26  dB  is  required 
for  acceptable  performance.  The  additional  circuitry  required  in  the 
sensor  is  relatively  minor,  consisting  of  a pulse  generator,  digital 
modulator,  comparator  and  integrating  network.  In  order  to  increase 
the  signal-to-noise  ratio,  the  average  bit  rate  would  have  to  be  signi- 
ficantly Increased.  This  would  require  modification  of  all  equipments 
to  accommodate  combined  analog  and  digital  data  transmission  interchange- 
ably. 


b)  FFH  - The  performance  and  equipment  modifications  would  be 
essentially  the  same  for  the  FFH  system  as  for  PNSS.  An  alternate 
technique  for  analog  data  is  shown  in  Figure  2-6  in  which  analog  data 
is  transmitted  by  linear  FM  over  a selected  narrowband  channel  similar 
to  the  narrowband  technique. 

c)  SFH  - Adding  an  analog  capability  to  the  SFH  system  would  require 
some  equipment  additions  and  modifications.  Linear  analog  transmission 
from  the  sensor  would  mean  that  the  sensor  must  switch  to  a separate 
channel  and  operate  in  the  same  way  as  the  channelized  FD  for  the  duration 
of  the  transmission.  A separate  and  distinct  analog  relay  would  be 
required  in  addition  to  a separate  UCR. 


Therefore,  the  added  coat  and  aystem  complexity  would  be  significant. 
Whereas  the  (S/M)  of  a quantized  digital  system  la  more  or  less  constant 
and  independent  of  the  number  of  repeaters  between  the  sensor  and  the  UCR, 
linear  analog  modulation  would  suffer  a degradation  of  (S/N),  as  well  as 
dynamic  range  through  each  repeater.  It  ia  doubtful  that  the  (S/N)  of 
the  SFH  system  would  be  any  better  than  the  digitized  systems  which  use 
the  same  word  length  and  message  rate  in  their  digital  message  design. 

d)  FD  - Adding  an  analog  capability  to  the  channelized  FD  system 
would  be  less  expensive  than  for  the  SFH  system.  Only  a linear  modula- 
tor would  be  added  to  the  sensor  (not  counting  the  command  receivers, 
etc.,  which  would  be  required  of  all  systems  since  the  same  channel 
frequency  and  transmitter  would  be  used  on  both  digital  and  analog).  In 
the  repeaters,  a discriminator  and  linear  modulator  would  be  required  if 
a baseband  repeater  is  used.  Otherwise,  a mixer  would  be  required  if  an 
IF  repeater  is  used, 'to  translate  from  the  IF  up  to  the  output  frequency. 

A separate  output  frequency  would  be  required  if  a combined  digital/analog 
repeater  was  used.  The  analog  repeater  could  serve  to  relay  both  analog 
and  digital  data,  if  desired.  A similar  degradation  of  the  signal  would 
occur  through  each  repeater  as  with  SFH  and  therefore  may  be  as  bad 
or  worse  than  a wideband  unmodified  digital  system. 

Due  to  the  dual  use  capability  of  sensor  components  and  repeaters, 
the  added  cost  of  the  FD  system  would  be  less  than  SFH. 

The  (S/N)  performance  of  the  narrowband  systems  may  be  approximated, 
using  the  same  channel  characteristics  as  for  digital  data  transmission. 

The  IF  bandwidth  ia  given  as  20  kHz.  This  full  bandwidth  may  be 
used  for  the  analog  signals.  Using  Carson's  Rule  for  the  bandwidth 
required  for  linear  modulation 

20  kHz  - 2 fm  (1  +£)  + Util 

fm  ■ highest  analog  frequency 

- 2000Hz 

/Af/  * frequency  uncertainty  - 1530  Hz 

Therefore, 

p - 3.25 

If  the  repeater  and  UCR  use  an  FM  discriminator  for  demodulation  of  the 
analog  signals,  a (S/N)  improvement  may  be  obtained  provided  the  input  S/N 
is  above  the  threshold  (about  10  dB).  This  is  approximately 


2 

(S/N)  Improvement  -»  3g 

2fm 

- 3 (3. 25)2  x 20  kHz 
2x2  kHz 

« 158  - 22  dB 

From  previous  computations,  It  is  clear  that  the  required  input  (S/N) 
cannot  be  maintained  without  sacrificing  some  A/J  margin.  However,  with 
no  jamming  and  under  the  previous  assumption  of  receiver  noise  and 
transmitter  power,  the  improvement  factor  above  may  be  realized.  Where 
three  repeaters  are  cascaded,  dynamic  compression  and  increased  noise 
level  may  reduce  the  (S/N)  at  the  UCR  by  6 dB  or  more.  Therefore,  the 
(S/N)  performance  of  the  narrowband  systems  may  range  from  26  dB  to  40  dB, 
with  a more  likely  value  of  32  dB.  On  performance  alone,  the  narrowband 
systems  are  somewhat  superior  to  the  digitized  wideband  systems  which 
have  been  optimized  for  digital  data  instead  of  analog  data. 
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Note  1-  Relative  rank  of  each  alternative  is  given  by  a number  between 
The  larger  number  indicates  higher  ranking. 


6.8.8  Reliability  (see  Table  II-VIII).  Since  reliability  is 
usually  related  to  hardware  performance,  it  ia  not  really  meaningful 
to  speak  of  reliability  in  connection  with  transmission  techniques. 
However,  the  influence  of  a particular  type  of  transmission  system 
on  the  subsequent  complexity  of  the  communication  hardware  could  be 
related  to  reliability  indirectly.  Nevertheless,  reliability  could 
only  be  considered  in  a relative  manner,  rather  than  a mean-time-to- 
failure  (KTTF)  or  some  other  standard  measure  of  reliability.  Similar 
types  of  components  would  be  used  in  all  systems  except,  perhaps,  the 
analog  surface  wave  devices  for  the  wideband  systems . Since  the  wide- 
band techniques  require  more  transmitter  peak  power  than  the  narrow- 
band  techniques,  it  is  possible  that  this  could  result  in  a potentially 
less  reliable  sensor  and  repeater  for  the  wideband  systems.  The  FFH 
system  requires  three  times  the  amount  of  coding  and  decoding  equipment 
as  compared  to  the  PNSS  system  and,  therefore,  would  possibly  be 
ranked  below  PNSS  for  the  wideband  systems. 

Of  the  narrowband  systems,  the  SFH  requires  synchronization  between 
the  Individual  transmitters  and  receivers.  In  view  of  the  frequency 
stability  problems  of  reference  oscillators,  even  if  synchronization 
could  be  obtained  in  some  way  initially,  it  is  doubtful  that  it  could 
be  maintained  for  reasonable  length  of  time.  Therefore,  a means  of 
synchronization  would  have  to  be  included  in  the  system.  The  logical 
means  would  be  a command  link  to  each  repeater  and  sensor.  This 
necessitates  additional  equipment,  and,  consequently,  a less-reliable 
system.  In  view  of  this,  it  is  expected  that  the  SFH  may  be  less  reliable 
than  either  of  the  wideband  systems.  It  is,  of  course,  axiomatic 
that  the  long  term  synchronization  problem  is  reduced  in  direct  pro- 
portion to  the  increase  in  hopping  period.  However,  the  initial 
synchronization  problem  would  still  remain. 
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6.8.9  Schedule  (See  Table  II-IX) . 

6. 8. 9.1  Development  Time 

a)  PNSS  - Based  on  the  use  of  Surface  Wave  Devices  (SWD)  as  com- 
plementary matched  filters,  the  performance  indicated  in  this  evaluation 
can  be  achieved  with  little  additional  development  effort.  However,  in 
view  of  the  excessive  peak  power  requirements  to  provide  the  A/J  margin 
indicated,  it  is  imperative  that  additional  processing  gain  must  be 
obtained  to  reduce  the  power  requirements.  To  get  a significant  increase 
in  processing  gain  with  SWD's  would  probably  require  a significant  in- 
crease in  processing  gain  with  SWD's  would  probably  require  a significant 
development  effort  of  two  years  or  more.  A corresponding  development 
effort  would  be  necessary  to  develop,  or  improve,  batteries  to  provide 
the  highpeak  current  requirements  which  are  inherent  in  wideband  systems. 

b)  FFH  - The  high  peak  power  requirements  of  PNSS  are  also  a 
characteristic  of  FFH  since  it  is  also  a type  of  spread  spectrum  system. 
Therefore,  the  development  requirements  of  the  two  would  be  essentially 
the  same. 

c)  SFH  - As  noted  previously,  synchronization  of  the  system 
transmitters  and  ’-eceivers  is  the  major  operational  problem  with  this 
technique.  To  preclude  the  use  of  a command  link  to  all  devices,  it 
would  be  necessary  to  develop  very  able  clocks.  This  is  not  so  much 
of  a problem  for  equipments  which  have  sufficient  power  available  so 
that  temperature  control  of  crystal  oscillators  is  possible.  Since 
power  is  not  available  for  this  purpose  in  sensors  and  repeaters,  some 
other  means  must  be  developed  to  accomplish  this.  It  has  been  estimated 
that  an  update,  or  resynchronization,  of  all  clocks  would  be  required 
about  once  every  26  days  with  + 5 ppm  clocks.  Clocks  of  this  stability 
are  not  commercially  available  in  quantities  at  a reasonable  price. 
Therefore,  a development  effort  is  necessary  to  satisfy  this  require- 
ment. More  stable  clocks  will  be  required  to  meet  REMBASS  requirements 
if  a link  to  all  devices  is  not  available. 

d)  FD  - The  technology  to  meet  the  requirements  of  REMBASS  (with 
the  exception  of  certain  types  of  ECM)  Is  currently  available.  Added 
performance  could  be  obtained  if  more  stable  frequency  sources  were 
developed;  however,  this  is  not  necessary.  It  does  not  seem  to  be 
cost  effective  to  try  to  develop  a system  to  meet  all  the  postulated 
ECM  threat  when  one  considers  that  the  threat  is  not  well  defined,  and 
in  addition,  if  the  system  was  designed  to  overcome  the  expected  threat, 
the  duration  of  this  superiority  would  probr.blv  be  shortlived.  It  is 
concluded  .hat  the  FDM  technique  would  require  the  minimum  development 
of  all  the  techniques  considered. 
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Note  1.  Relative  rank  of  alternatives 
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6.8.10  Risk  (See  Table  II-X).  The  risk  associated  with  either  of 
the  transmission  techniques  is  almost  exclusively  in  the  engineering,  or 
advanced,  development  area. 

6.8.10.1  Development  Rick 

a)  PNSS  - If  this  system  is  specified  to  provide  either  the  pro- 
cessing gain  to  reduce  the  transmitter  power  requirements,  or  to  provide 
the  battery  necessary  to  provide  the  power  necessary  with  the  currently 
available  processing  gain  capability,  the  development  risk  would  have 

to  be  considered  high  in  either  case. 

b)  FFH  - The  development  risk  associated  with  this  system  would 
be  comparable  to  PNSS  due  to  the  similarity  of  the  two  techniques. 

c)  SFH  - The  primary  risk  associated  with  SFH  is  in  development 
of  a high  stability  clock.  Since  there  is  a coat  performance  trade-off 
here,  the  risk  would  only  be  considered  moderate.  In  other  words,  if 
the  desired  stability  could  not  be  obtained,  s shorter  expected  sensor 
(repeater)  life  could  be  accepted  as  an  alternative. 

d)  FD  - On  a comparative  basis,  the  risk  associated  with  this 
system  type  is  considered  to  be  least  since  no  unique  developments  are 
expected.  Most  of  the  development  efforts  would  likely  be  those  which 
are  common  to  all  techniques. 
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TABLE  II-X 
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Note  1.  Relative  rank  of  alternatives. 


6.8.11  Logistics  (See  Table  II-XI). 


6.8.11.1  Test  Equipment  Requirements.  Only  unique  test  equipment 
requirements  will  be  considered. 

a)  PNSS  “ The  test  equipment  required  for  servicing  equipment  of 
this  system  would  only  be  moderately  extensive.  Special  test  generators 
and  receivers  could  be  made  from  standard  equipment  components,  such 
as  SWD's  and  transmitter  and  receiver  modules. 

bj  FFH  - The  test  equipment  for  servicing  this  system  would  be 
slightly  more  complex  than  for  the  PNSS,  but  standard  equipment  com- 
ponents could  be  used  for  building  the  test  equipment. 

c)  SFH  - The  test  equipment  requirements  for  the  SFH  would  pro- 
bably be  more  complex  than  either  of  the  other  systems  due  to  the 
necessity  for  providing  and  maintaining  synchronization  of  the  hopping 
frequency. 

d)  FD  - No  unique  test  equipment  would  be  required  for  this 
system.  A general  automatic  test  equipment  made  up  of  standard  commercial 
components  should  provide  the  necessary  servicing  capability.  Therefore, 
the  test  equipment  requirement  for  FD  is  considered  to  be  minimal. 

6.8.11.2  Maintenance  Skills  Required.  In  general,  it  might  be 
expected  that  technical  expertise  required  by  maintenance  personnel  would 

be  of  equal  level.  This  is  considered  to  be  true  for  the  PNSS  and  FD  Bystem 
types  in  particular.  Due  to  the  nature  of  the  frequency  hopping  systems, 
they  are  assumed  to  be  somewhat  more  complex  from  the  standpoint  of  equip- 
ment calibrations  and  fault  isolation.  However,  the  FFH  and  SFH  should 
be  considered  only  slightly  more  demanding  in  maintenance  skills  required. 

6.8.11.3  Equipment  Adjustments  Required.  The  PNSS,  FFH,  and  FD 
systems  require  no  special  adjustments  of  equipments  prior  to,  or  during, 
operation.  The  SFH  would  require  an  initial  synchronization  of  frequency 
and  hopping  rate,  as  well  as  possible  readjustments  during  its  operating 
life,  either  automatically  or  manually. 
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TABLE  II-XI 


I 


used  for  detecting 
hopping  frequencies 
for  the  FEE. 


6.8.12  Costs.  The  subject  of  this  analysis  is  techniques  and 
methods  of  data  transmission  and  as  such  does  not  involve  equipment 
or  hardware  items,  except  in  an  implicit  way.  Therefore,  it  is  not  too 
meaningful  to  speak  of  costs  except  in  a relative  manner.  The  major 
cost  items  of  a given  hardware  element  would  be  the  same  regardless 
of  the  transmission  techniques  selected.  For  example,  in  the  sensors 
major  cost  items  will  be  the  detection  and  processing  functions,  sensor 
case,  packaging,  etc.,  which  are  independent  of  the  transmission 
technique.  This  is  also  true  in  the  case  of  repeaters,  although  perhaps 
not  to  the  same  extent. 

6.8.12.1  R&D  Costs.  Of  the  alternatives  considered,  the 
channelized  FD  system  would  undoubtedly  entail  the  least  R&D  cost 
necessary  to  bring  it  to  a production  position.  This  is  because 
of  its  similarity  to  the  SEAQPSS  (DSPG  Phase  111)  sensor  communication 
technique.  The  SFH  system  would  rank  second  with  regard  to  R&D 
coats  even  though  it  would  be  desirable  to  develop  an  improved  low 
frequency  clock  source  to  obtain  the  frequency  stability  required 
for  reasonably  fast  switching  rates  (1/10  sec.).  Both  wideband 
system  types  considered  would  require  additional  processing  gain 
to  overcome  their  susceptibility  to  background  noise.  SWD's  with 
a processing  gain  of  30  dB  or  more  have  been  built,  but  they  are 
expensive  and  have  never  been  built  in  production  quantities. 

The  relative  rating,  with  respect  to  R&D  costs,  of  the  system 
types  is  summarized  in  Table  II-XII. 
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TABLE  II  - XII 


COSTS,  R&D 


Alternative 

R&D 

(Note  X) 

A. 

Narrowband 

1) 

SFH 

1)  Some  additional  R&D  required  to 

improve  clock  sources. 

2) 

FD 

2)  Probably  lowest  R&D  costs  of  either 

system  type 

8/10 

4/6 

B. 

Wideband 

1) 

PNS3 

R&D  costs  required  to  field  these 
system  types  will  likely  be  higher, 

1 

2) 

FFH 

assuming  additional  processing  gain 
will  be  obtained  to  reduce  peak  power 
requirements. 

Note  1.  Relative  rank  of  alternatives. 
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6.8.12.2  Acquisition  Costs.  This  is  the  cost  required  to 
procure  and  supply  an  initial  system  hardware  item  to  the  user.  There 
are  two  major  cost  categories:  a)  i:on-recurring;  and  b)  recurring. 

As  stated  previously,  there  are  certain  costs  which  are  independent 
of  the  transmission  technique  selected  for  the  DTS;  therefore,  rather 
than  estimate  a total  acquisition  cost  for  the  DTS,  a relative  cost 
comparison  will  be  made  between  the  transmission  techniques  for  each 
of  the  major  equipment  elements  in  the  DTS. 

In  order  to  make  a meaningful  comparison  of  the  cost  impact  on 
the  DTS  of  each  transmission  technique,  functional  block  diagrams  of 
the  transmission  and  receiving  elements  are  given  in  Figures  2-4  and 
2-7.  The  modulation  and  transmission  functions  of  each  of  the  trans- 
mission types  considered  in  this  report  are  shown  in  Figures  2-4,  2-5, 
and  2-6. 
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FIGURE  7.-5 

TRANSMISSION  FUNCTION  OF  PNSS  SENSOR  W/ ANALOG  CAPABILITY 


TRANSMISSION  FUNCTION  OF  FFH  SENSOR  >7/ ANALOG  CAPABILITY 


4 


In  a similar  manner,  the  detailed  receiving  functions  are  shown  in 
Figures  2-8,  2-9,  and  2-10.  Appropriate  parts  of  these  functional 
units  could  be  combined  into  a repeater  but,  since  there  are  several 
options  (e.g.,  an  I.F.  Repeater  or  Baseband  Repeater)  which  one  could 
implement,  the  impact  of  a transmission  technique  on  repeater  cost 
can  only  be  inferred  from  the  relative  cost  differences  of  trans- 
mission and  receiving  functions. 

a)  SFH 

1)  Transmission  Function:  The  SFH  transmission  technique 

only  requires  very  little  additional  functional  capability  over  the  FD 
technique.  The  additional  cost  of  the  Hop  Rate  Clock  depends  upon  the 
stability  requirements,  but  is  considered  to  be  nominal  as  compared 

to  the  cost  of  the  synthesizer. 

2)  Receiving  Function:  As  indicated  in  Figure  2-8,  a similar 

conclusion  can  be  deduced  regarding  the  receiving  function  of  the  SFH  as 
compared  to  the  FD. 

b)  FD 

1)  Transmission  Function:  A relative  comparison  of  the  FDM 

technique  with  both  FFH  and  PNS8  requires  a distinction  between  analog 
and/or  digital  data  transmission  requirements.  For  both  analog  and  digital 
data  transmission,  the  FD  is  about  one-half  as  complex  as  FFH  and 
approximately  equivalent  to  PNSS  where  analog  data  iB  digitized  and 
transmitted  in  a similar  manner  as  digital  data.  For  digital  data 
transmission  only,  FD  is  about  equivalent  to  FFH  but  slightly  more 
expensive  than  PNSS. 

2)  Receiving  Function:  Similarly,  the  complexity  of  the 

receiving  function  depends  on  the  type  of  data  being  transmitted.  This 
distinction  would  not  have  to  be  made  for  the  UCR  since  it  must  be 
capable  of  receiving  both;  however,  it  is  assumed  that  there  will  be 
all-digital  repeaters  as  well  as  analog/digital  repeaters.  For  digital 
data  reception,  the  FD  technique  is  more  complex  than  PNSS  and  about 
equivalent  to  FFH.  For  analog  and  digital  data  reception,  the  FD  is 
about  equal  to  PNSS  and  about  seventy-five  percent  as  expensive  as  FFH, 
assuming  a synthesizer  is  used  for  selecting  the  channel  for  analog  as 
is  done  in  the  transmitter. 

3)  PNSS/FFH:  (See  the  discussion  of  FD  for  a relative  com- 

parison of  these  techniques).  Acquisition  cost  comparisons  are  given  in 
Table  II-XIII. 
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SIGNAL  PROCESSOR/DETECTOR  SECTION  OF  RECEIVER; 


3IGNAL  PROCESSOR/DZTECTOR  SECTION  OF  RECEIVER:  FFH  TRANSMISSION 


o 

O'* 

fH 

1^" 

• £ 

P Pu 

E 

0> 

fl 

> 

O <0 

o 

4J  P 

P 

co 

r*H 

(0  CO 

CD 

ri  co 

<u 

C7*  0) 

CO 

w p 

N^/ 

Note  1.  Relative  rank  of  alternatives 


6.8. 12. 3 Life  Cycle  Support  Costs  (see  Table  1I-XIV).  These  costs 
are  separated  intoia)  crew  and  maintenance  personnel;  b)  replacement; 
c)  inte6- jted  logistics  support  (ILS);  d)  transportation;  and  e)  depot 
maintenance. 

In  a similar  manner  to  the  other  cost  items,  these  costs  will  only 
be  considered  in  a relative  way  rather  than  quantitatively. 


A.  NARROWBAND 
1.  SFH 


2.  FD 


B.  WIDEBAND 

1.  PNSS 

2.  FFH 


TABLE  II  - XIV 
COSTS,  LIFE  CYCLE  SUPPORT 


Life  Cycle  Support 


Personnel  (E&M)3Q 

Replacement 

(Note  1) 

7/9 

6/8 

10 

10 

10 

10 

10 

4/6 

Note  1.  Relative  rank  of  alternatives. 

+ Replacement  includes  spare  parts 
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EVALUATION  CHART  FOR  ALTERNATIVES 


/ 


7.0  COMPARISON  OF  ALTERNATIVES  (C) . 

See  Addendum  A to  this  engineering  analysis. 

8.0  SENSITIVITY  ANALYSIS  (C) . 

See  Addendum  A to  this  engineering  analysis. 

9.0  CONCLUSIONS 

Using  a FDM  system,  the  narrowband  technique  was  shown  to  be 
clearly  superior  to  wideband  when  all  criteria  are  properly  weighted  and 
averaged.  In  the  area  of  ECM  the  wideband  technique  is  preferred,  except 
against  broadband  jammers.  However,  it  was  recognized  that  no  transmission 
technique  is  completely  and  forever  immune  to  a dedicated  enemy  jamming 
threat.  Therefore,  the  advantages  of  a wideband  technique  in  this  area 
did  not  outweigh  its  disadvantages  in  other  areas  considered. 

The  results  of  the  evaluation  were  subjected  to  a sensitivity 
analysis  to  determine  the  effects  of  possible  incorrect  weighting  fac- 
tors or  inconclusive  ratings  against  the  criteria.  The  Narrowband  EDM 
Transmission  Technique  remained  the  better  choice. 

10.0  RECOMMENDATIONS 

A channelized  FDM  is  recommended.  The  DTS  design  should  be 
such  that  a conversion  from  the  FDM  to  a narrowband  frequency  hopping 
system  can  be  made  in  the  future  if  the  development  of  this  technique 
materializes  to  a cost-effective  capability.  Converting  the  FDM  to 
narrowband  frequency,  hopping  would  provide  a measure  of  protection 
against  jamming  not  available  with  FDM. 
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ADDENDUM  A 
(CLASSIFIED) 


NOT  INCLUDED  WITH  THIS  PACKAGE. 
CAN  BE  OBTAINED  BY  CONTACTING 
OFFICE  OF  THE  PM  REMBASS, 
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ADDENDUM  B 


SENSOR  SELF- INTERFERENCE  PROBABILITY 


67 


mi  i iiurk 


taanniiMtf flB*  ni 


ADDENDUM  B 


SENSOR  SELF-INTERFERENCE  PROBABILITY 


Assume  the  sensor  responses  due  to  target  activations  follow  a 
Poisson  distribution  when  operating  in  real  time.  The  probability  of 
getting  k responses  from  a particular  sensor  in  time  T,  whose  average 
rate  of  response  is  X-  is  given  by 

1)  P .)  “ (*T)k  exp  - (XT) 

k! 

The  probability  of  simultaneous  sensor  responses  in  a field  of 
N sensors  may  be  described  by  a binomial  probability  law,  where  "simul- 
taneous" is  defined  as  responses  within  a specified  time  interval.  If 
all  N sensors  are  on  the  same  channel,  the  probability  of  simultaneous 
respouses  will  determine  the  self-interference  probability  on  the  channel. 


The  probability  of  exactly  t simultaneous  responses  from  N sensors, 
each  with  a probability  P of  responding  in  the  specified  interval, 
(Poisson  probability),  is  given  by 

2)  Q { t;  N,P}  - M Pfc  (l-P)N-t 

The  probability  of  t or  more  simultaneous  responses  is  given  by 

3)  Q U > t>  N,  P}  ■ i j jP  (1-P) 

i =■  t\i/ 

The  probability  of  self-interference  is  now  determined  as  follows: 
a)  given  that  one  of  the  N sensors  has  responded  to  an  activation, 
the  probability  of  a second  sensor  responding  within  the  specified  time 
interval,  Ts,  is  given  by 

(N-l) 

4)  Q (i  > 1;  (N-l),  P}  - i 

i “ 1 
“ 1 - Q 

From  1) 

5)  P - P (k  >.  1)  - 1 - P (k  - 0) 

“ 1 - exp  - (XTs) 

when 

Ts  = "Simultaneous"  time  interval 
Substituting  5 in  4 gives 

6)  Q {i  > 1;  (N-l),  P}  - 1 - exp  - £(N-1)  xTsJ 

If  ATs  « 1 6 may  be  approximated  by 

Q (i>  1;  (N-l),  P)  « (N-l)  XTs 


N-l  pi  (1.P)  <N-l-i) 


(0;  (N-l) ,P } 


7) 


B-l 


The  smallest  value  of  Ts  for  no  self-interference  would  be  twice  the 
message  duration.  However*  other  constraints  may  require  Ts  to  be 
larger  than  2 Tm.  In  particular,  for  a relay  channel  where  store-and- 
forward  repeaters  are  used  for  digital  messages  Ts  must  be  equal  to 
or  greater  than  3 Ttn  in  order  to  insure  no  ring  around  problems  with 
repeaters.  Therefore,  7 may  be 

8)  Q {1  1 1;  (N-l) , P)  “ 3 XT  (N-l) 

which  determines  either  the  message  length  or  maximum  number  of  sensors  on 
a channel  given  a specified  probability  of  self-interference. 

This  is  equation  7 of  Sec.  6. 6. 1.1. 


B-2 


SECTION  III 


ENGINEERING  ANALYSIS  2 - REPEATER  TYPES 


1.0  SUMMARY 

This  analysis  addresses  the  type  of  repeaters  that  will  be 
used  in  the  REMBASS  Data  Transmission  Subsystem  (DTS).  The  alternatives  were 
evaluated  against  a specific  set  of  criteria;  deployment  methods,  per- 
formance, versatility,  development/schedule  risk,  logistics,  physical 
characteristics,  and  cost.  The  analysis  concluded  that  the  digital  only 
repeater  be  designed.  Judgement  on  the  digital/analog  repeater  should 
be  based  on  operational  requirements. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems. 

Several  different  alternative  subsystem  designs  may  be  found  which  pro- 
vide the  system  operational  and  functional  requirements  of  REMBASS 
within  certain  constraints.  In  order  to  determine  which  subsystem 
alternative  provides  the  best  choice,  alternatives  are  evaluated  and 
analyzed  against  common  criteria  and  one  or  more  possible  alternatives 
are  selected  as  candidates  for  final  system  components.  This  report  is 
concerned  with  the  selection  of  the  type  of  radio  repeaters  that  will  be 
used  in  the  DTS. 

3.0  STATEMENT  OF  THE  PROBLEM 

When  the  tactical  situation  or  terrain  features  prohibit 
direct  line-of-sight  transmission  from  sensors  to  the  readout  device, 
radio  repeaters  will  be  required  to  extend  the  transmission  path. 

This  engineering  analysis  will  consider  those  criteria  which  impact 
on  the  comparison  of  three  alternative  repeater  types  capable  of  re- 
transmitting either  digital  data,  analog  data,  or  both.  The  use  of 
In-Band  and  Out-of-Band  techniques  to  be  used  for  repeaters  retransmitting 
analog  data  will  also  be  considered.  In  order  to  accomplish  the  REMBASS 
Material  Need  (MN)  Document  requirements,  both  digital  and  analog  re- 
transmission capability  must  be  included.  This  capability  can  be  ob- 
tained by  a DTS  using  digital  or  analog  repeaters  and  combined  repeaters 
or  a DTS  using  combined  repeaters  only. 

4.0  ALTERNATIVES 

Three  alternative  types  of  radio  repeaters  will  be  evaluated 
and  analyzed  to  determine  which  type  best  satisfied  the  REMBASS  require- 
ments. These  alternatives  are:  1)  the  digital  only  repeaters;  2)  the 

analog  only  repeater;  and  3)  the  digital  and  analog  combined  repeater. 
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4.1  Digital  Only  Repeater.  This  analysis  assumes  that  the  digital 
only  repeater  is  a narrowband  FM/FSK  repeater.  It  is  emplaced  either  by 
hand  or  dropped  from  a fixed  wing  aircraft  or  helicopter.  It  may  also 
be  operated  from  an  aerial  platform.  The  digital  repeater  is  capable  of 
relaying  both  digital  sensor  data  and  digital  commands.  For  this  analysis 
only  the  in-band  store  and  forward  (S&F)  type  repeater  is  considered  for 
the  digital  data  because  it  represents  the  least  expensive,  and  operation- 
ally simplest  Implementation.  The  digital  repeater  is  a one  way  reversible, 
half  duplex  repeater  with  one  receiver  and  one  transmitter.  The  term 
"store  and  forward"  refers  to  the  repeaters  operating  principle  in  that 
the  message  is  received  by  the  repeater,  stored  in  its  encoder  and  then 
forwarded  (retransmitted)  by  the  repeater.  Since  they  alternate,  the 
receive  and  retransmit  functions  do  not  interfere  with  each  other  and  the 
receive  and  retransmit  frequencies  may  be  in  the  same  sensor  frequency 
band;  in  fact  they  may  be  identical.  Figure  3-1  is  a diagram  of  a S&F 
digital  repeater.  The  generalized  digital  repeater  described  above  could 
employ  either  narrowband  FM/FSK,  Slow  Frequency  Hop  (SFH),  Fast  Frequency 
Hop  (FFH) , or  pseudonoiae  spread  spectrum  transmission  techniques. 


FIGURE  3-1 

STORE  AND  FORWARD  DIGITAL  ONLY  REPEATER 
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4.2  Analog  Only  Repeater.  This  analysis  assumes  that  the  analog 
only  repeater  is  a narrowband  FM/FSK  repeater.  It  may  be  emplaced  or 
operated  in  the  same  manner  as  the  digital  repeaters.  Although  not 
specifically  optimized  for  digital  messages,  the  analog  only  repeater 
is  capable  of  relaying  analog  and  digital  sensor  information  and  digital 
conmands  by  treating  them  as  analog  bignals.  The  term  analog  also 
implies  simultaneous  real-time  retransmission  because  of  the  large 
storage  otherwise  required.  Therefore,  the  analog  only  alternative 
will  consider  analog  only  repeaters  to  have  the  capability  of  retrans- 
mitting digital  sensor  information  and  digital  commands  but  not  the 
capability  of  decoding  the  digital  data.  The  most  straightforward 
implementation  of  a two-way,  real-time  repeater  system  is  shown  in  Figure 
3-2.  It  should  be  noted  that  the  analog  only  repeater  capable  of  relaying 
data  and  command  messages,  is  essentially  a dual  channel  analog  repeater. 


REPEATER  ENCLOSURE 


FIGURE  3-2 

FULL  DUPLEX,  REAL  TIME  ANALOG  REPEATER 
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A a shown,  the  repeater  is  capable  of  simultaneous,  two-way  reception 
and  transmission  of  two  independent  signals  on  different  frequencies. 

One  signal  would  input  on  frequency  Fr^  anc*  output  on  while  the 
second  signal  would  input  on  Fr2  and  output  on  ?X2*  The  concept  is  full 
duplex,  requiring  two  receivers  and  two  transmitters. 

4.2.1  Frequency  Translation  Techniques.  Two  frequency  translation 
techniques,  in-band  and  out-of-band,  are  available  to  the  analog  repeater 
to  provide  I1-F2  retransmission.  Figure  3-3  shows  out-of-band  channel 
separations . 
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FIGURE  3-3 

IN-BAND  AND  OUT-OF-BAND  CHANNEL  REPRESENTATION 
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4, 2. 1.1  Out-of-Baud  Technique.  Out-of-band  frequency  translation 
is  a technique  in  which  the  reception  and  retransmission  of  the  sensor 
message  occur  on  two  frequencies  which  are  not  in  the  same  contiguous 
band  of  frequencies.  As  a rule  of  thumb,  at  least  2:1  separation  is 
desired  between  F^  and  F21  (e.g.  “ 100  Khz,  F2  “ 200  MHz)  to  keep 

filter  design  simple  and  size  small.  An  out-of-band  repeater  has  need 
of  two  frequency  bands,  and  if  these  bands  are  separated  by  more  than 
15%  (15%  of  the  center  operating  frequency  of  the  lower  band)  two  different 
receiver  and  transmitter  designs  will  be  required.  This  is  due  to  the 
fact  that  low  cost,  low  power  designs  of  the  receiver  and  transmitter 
will  not  permit  extremely  broad  band  operation.  Some  savings  may  be 
possible  through  the  use  of  two  different  receiver  front  ends  (RF  ampli- 
fier and  local  oscillator),  one  for  each  frequency  band,  and  utilization 
of  a common  function  for  the  remainder  of  the  receiver /decoder . The 
deployment  of  the  two  way  simplex  multihop  out-of-band  system  is  shown 
in  Figure  3-4. 


EL 


b2c3 


d1\c4  £lC/  /B2C5 


£2cS 


SENSOR  1 


SENSOR  2 


SENSOR  3 


RECEIVER 


COMMAND 
TRANSMITTER 


FIGURE  3-4  FIVE  HOP  OUT-OF-BAND 
REPEATER  SYSTEM 
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Following  a data  path*  Sensor,  tianamits  In  Band  1 on  Channel  1 (written 
as  RRi  oust  necessarily  receive  on  BpC^.  RR2  must  then  receive 

on  E^C^,  and  to  prevent  spatial  ring-around  back,  to  KRp  receiver,  trans- 
mit on  B^,  but  now  a new  channel  C2,  must  be  chosen.  This  pro  as  con- 
tinues through  as  many  hops  as  are  necessary  to  complete  the  link.  Sensors 
are  assigned  transmit  frequencies  compatible  with  the  appropriate  repeater. 
Following  a command  path  from  the  command  transmitter  to  RR5,  it  is  noted 
that  the  command  transmitter  must  transmit  on  BpC^  to  be  compatible  with 
the  RR^  receiver  frequency  set  by  the  data  path,  that  RR5  must  transmit 
on  B2C3  to  be  compatible  with  RR4  receiver  and  so  on.  Note  also  that 
Sensor  3 receive  frequency  must  be  the  same  as  RR2,  that  of  Sensor  2 
the  same  as  RRp  and  that  the  receive  frequency  of  Sensor  1 must  be  assigned 
u frequency  compatible  with  the  command  transmit  frequency  of  RR^. 

Note  that  the  command  transmission  band  is  always  the  same  as  the  data 
transmission  band,  and  that  only  the  channel  is  different;  therefore, 
only  a means  for  separately  selecting  the  command  transmission  channel 
must  be  provided  in  the  repeater.  When  a command  message  is  transmitted 
from  the  command  transmitter,  it  must  carry  information  which  tells  the 
RR  to  transmit  on  the  command  ctiannel  instead  of  the  data  channel.  This 
requires  decoding  in  each  repeater  rather  than  straight  frequency  conver- 
sion, u function  probably  best  bandied  by  providing  an  appropriate  preamble 
to  the  data  and  command  messages.  Upon  decoding  the  information  in  this 
preamble,  the  RK  will  then  enable  el ther  the  command  or  data  channel.  A 
functional  block  diagram  of  a generalized  out-of-band  repeater  capable  of 
multihop  and  twj-wuy  simplex  usage  la  shown  in  Figure  3-5.  Assume  a signal 
is  received  in  Band  1.  It  is  passed  through  appropriate  preampli.flcation 
and  mixed  with  the  Raixl  1 local  oscillator  (LO)  to  form  an  IF.  This 
signal  Is  decode’,  looking  lor  preamble  instructions  to  switch  the  Band  2 
LO  to  the  preset  command  frequency  for  retransmission.  If  no  such  in- 
struction is  received,  the  Band  2 LO  remains  at  the  data  frequency  and 
sums  with  the  IF  to  form  a Band  2 signal  which  is  then  filtered  and  amp- 
lified to  the  full  transmitter  power.  If  the  preamble  had  indicated  a 
coirmand  transmission  would  follow,  the  control  circuitry  would  have  switched 
the  Band  2 LO  to  its  preset  command  frequency. 

A manual  band  select  switch  provides  two  band  operation;  if  a signal 
is  received  in  Band  2,  operation  of  the  repeater  is  unchanged  from  above 
except  that  the  Band  1 and  Band  2 LO  actions  are  reversed. 


4. 2. 1.2.  In-Sand  Technique.  In-band  frequency  translation  is  a 
technique  in  which  the  reception  and  retransmission  of  the  message 
occurs  on  two  frequencies  which  are  located  within  a contiguous  baxid 
of  sensor  frequencies.  Simultaneous  reception  and  retransmission  occur 
on  receive  und  transmit  frequencies  which  are  separated  anywhere  from 
100  kHz  to  12  MHz  within  the  sensor  frequency  band.  An  in-band  repeater 
presents  a difficult  design  problem  to  achieve  the  isolation  (filtering) 
required  to  avoid  interference  between  the  simultaneous  receive  and 
retransmit  operations  within  a 12  MHz  frequency  band.  The  isolation 
can  be  achieved  through  the  use  of  physically  large  and  relatively  ex- 
pensive RF  filters,  or  through  th  use  of  sophisti'  ited  adaptive  can- 
cellation techniques.  A functional  block  diagram  of  such  a repeater 
using  filters  is  shown  in  Figure  i-6.  Assuming  a signal  is  received  in 
Band  1,  it  passes  through  the  input  filter  which  functions  as  a pre- 
selector reducing  the  occurrence  of  spur lous/ image  responses  and  inter- 
modulation  products  in  the  preamplifier  due  to  transmitter  energy.  The 
B1  LO  (either  fixed  or  tunable)  mixes  with  the  incoming  signal  to  provide 
the  IF  which,  upon  preamble  decoding,  tells  the  repeater  whether  or  not 
to  switch  to  the  preset  command  channel  for  transmission.  If  no  channel 
switch  is  indicated,  the  B2  LO  remains  at  the  data  frequency  and  mixes 
with  the  IF  to  produce  the  desired  Band  2 transmit  signal.  The  signal 
is  then  filtered  to  eliminate  out-of-band  mixer  outputs  and  amplified 
as  necessary  to  provide  the  desired  output  levol.  This  amplified  signal 
is  then  passed  through  the  output  filter  which  acts  to  reduce  transmitter 
output  energy  in  the  receive  band  more  than  HOdb.  This  rejection  plus 
the  signal-to-noise  ratio  at  the  transmitter  output  provides  the  necessary 
isolation.  If  the  received  signal  were  at  Kt  instead  of  F , repeater 
operation  would  be  identical  except  tliat  the  LO’s  and  the  input  and 
output  filters  would  reverse  functions. 
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k.'  Digital  and  Ana loft  Combined  Repeater.  A digital  and  analog 
combined  repeater  is  a single  RF  channel  narrowband  unit  that  receives 
or  one  frequency  and  transmits  on  a different  frequency.  It  is  deployed 
either  by  hand  emplacement,  air  dropped,  or  operated  from  an  aerial 
platform.  The  combined  repeater  ia  capable  of  relaying  analog  and 
digital  sensor  information  and  digital  commands.  The  combined  repeater 
contains  a digital  decoder  which  permits  it  to  decode  and  recognize 
the  digital  sensor  and  command  messages  and  also  the  digital  header 
portion  of  the  analog  sensor  message.  It  must  be  capable  of  retrans- 
mitting the  message  in  the  correct  direction  (i.e.  on  the  correct  frequency) 
if  a frequency  translation  is  involved.  Only  one  receiver  would  be 
required  for  the  repeater.  Transmission  of  the  message  could  be  accomplished 
by  using  two  transmitters  or  one  transmitter  with  a digital  frequency 
synthesizer  capable  of  switching  between  the  two  required  transuit 
f requencies . The  concept  jf  using  one  receiver  to  relay  consnaud  and 
sensor  messages  can  be  considered  a simplex  operation.  Simplex 
operation  also  permits  design  of  hardware  within  the  life  and  size  re- 
strictions of  ground  use.  Specifically,  time  sharing  a single  receiver 
and  transmitter:  a)  doubles  battery  life  projections  through  the  elimina- 

tion of  one  receiver;  h)  reduces  the  overall  size  through  the  elimina- 
tion  of  one  receiver  and  one  transmitter;  and  c)  improves  reliability 
through  reduction  of  parts.  In  a real-time  relay  system,  thr  receive  and 
transmit  functions  are  simultaneous  and  isolation  is  achieved  with  filter- 
ing made  possible  by  appropriate  separation  of  the  receive  and  transmit 
frequencies,  FR  and  F^.  A typical  real  time,  simplex  analog  system  with 
five  hops  is  depicted  in  Figure  3-7. 
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FIGURE  3-7 

REAL  TIME  HOLTIHOP  RELAY  SYSTEM  (REMURS) 
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Following  a data  path  from  Sensor.,  transmitting  on  F^,  must 
necessarily  receive  on  F^,  To  achieve  isolation.  RR3  transmits  on 
F2.  RH2  must  receive  on  ?2>  and  to  prevent  spatial  rlng-around  back 
to  RRi  receiver,  transmit  on  F3.  This  process  continues  through  as 
many  hops  as  are  necessary  to  complete  the  link.  Sensors  are  assigned 
transmit  frequencies  compatible  with  the  appropriate  repeater.  Fol- 
lowing a command  path  from  the  command  transmitter  to  RR5,  it  is 
noted  that  the  command  transmitter  must  transmit  on  F5  to  be  compatible 
with  RR5  receiver  frequency  set  by  the  data  path,  that  RR5  must  transmit 
on  F4  to  be  compatible  with  RR4  receiver  and  so  on.  Note  also  that 
Sensorj  receive  frequency  must  be  the  same  as  RR-2»  that  of  Senso^ 
the  same  as  RR3  and  that  the  receive  frequency  of  Sensor^  must  be 
assigned  a frequency  compatible  with  the  command  transmit  frequency  of 
RR3. 


5.0  CRITERIA 

The  criteria  which  will  be  used  in  the  comparative  evaluation 
of  the  alternatives  associated  with  this  engineering  analysis  are  de- 
fined In  tnis  section.  In  Section  6.0  each  alternative  is  evaluated 
against  these  criteria.  Then  each  alternative  is  ranked  against  other 
alternatives  for  each  criterion  and  a relative  ranking  is  presented  for 
each  major  criterion.  The  data  will  be  used  in  Section  7.0  to  make  a 
comparative  analysis  of  the  alternatives  to  determine  which  most  nearly 
meets  the  REHBASS  requirements. 

5.1  Deployment  Methods.  The  REHBASS  MN  requires  that  repeaters  be 
emplaced  by  various  means  and  that  they  also  be  capable  of  being  in- 
stalled and  operated  from  an  airborne  platform.  How  these  requirements 
impact  the  design,  construction,  etcMnf  the  various  alternatives  will 
be  considered. 

5.1.1  Hand  Emplacement . This  Is  a method  of  deployment  which 
requires  foot  troops  to  carry  the  repeater  to  the  desired  installation 
location.  Size,  shape,  and  especially  weight  are  critical  factors  for 
this  criterion. 

5.1.2  Air  Drop  Emplacement.  This  method  implies  that  the  repeater 
may  be  emplaced  from  a fixed  wing  or  rotary  wing  aircraft.  The  repeater 
may  be  dispensed  by  hand,  from  a SUU-42  type  dispenser  or  from  special 
bomb  racks  such  as  the  PMBR. 

5.1.3  Airborne  Platform.  In  this  method  of  deployment  the  re- 
peater may  be  securely  fastened  inside  the  aircraft  with  its  antenna 
attached  in  some  convenient  position  outside  the  aircraft.  The  major 
factors  influencing  the  repeater  selected  for  this  method  of  operation 
are  shock  and  vibration  resistance,  and  RF  interference. 


78 


5.2  Performance.  Each  of  the  alternatives  will  be  evaluated 
against  specified  performance  parameters. 


5.2.1  RF  Isolation.  A repeater  operating  in  real-time  requires 
that  the  transmitter  output  be  isolated  from  the  receiver  input  to 
prevent  feedback  causing  signal  distortion.  In  a multlhop  relay  chain, 
feedback  aiay  also  occur  from  consecutive  repeaters  if  special  precautions 
are  not  taken  to  prevent  it,  such  as  frequency  offset  between  repeaters. 

5.2.2  Message  Delay.  This  relates  to  the  fact  tlrnt  a repeater 
operating  in  a non-real-time  mode  will  cause  a time  delay  between 
message  receipt  and  retransmission.  This  is  characteristic  of  S&F 
repeaters . 


5.2.3  Message  Loss.  This  criteria  evaluates  the  probability  of 
losing  a message  through  the  repeater  because  of  self-interference, 
errors,  etc. 

5.2.4  (3/N)  Degradation.  The  quality  of  an  analog  signal  will 
be  degraded  by  a reduction  in  the  signal-to-noise  ratio  as  it  is  re- 
ceived and  transmitted  through  an  analog  repeater.  Digitized  analog 
data  may  be  transmitted  through  digital  repeaters  with  only  minor  loss 
of  quality  due  to  the  reconstitution  of  the  digital  signal  at  each  re- 
peater . 

5.2.5  ECM  Vulnerability.  This  is  a measure  of  the  vulnerability 
of  a particular  type  of  repeater  to  a jamming  or  countermeasure  environ- 
ment . 


5.2.6  Antenna  Requirements.  The  repeater  alternatives  to  be 
considered  may  require  dual  antennas  that  operate  in  widely  differing 
frequency  ranges,  especially  if  out-of-band  repealers  arc  considered. 

5.2.7  Spectrum  Utilization.  This  criteria  relates  to  the  effec- 
tiveness with  which  a particular  alternative  uses  the  assigned  frequency 
'>and.  It  is  related  to  the  number  of  relay  links  which  are  available, 
and  how  frequencies  must  be  assigned  to  repealers. 

5.2.8  Energy  Requirements.  Since  the  repeaters  will  generally 
be  required  to  operate  from  batteries,  the  amount  of  power  and  energy 
required  is  a significant  criterion  for  evaluating  alternatives. 

Standby  power  and  energy  per  message  are  measures  of  comparison. 

5.3  Versatill ty . This  is  the  ability  of  a repeoter  to  relay  both 
digit  il  and  analog  messages. 
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5.4  Development-  I'chedule/Klak . Schedule  and  risk  are  related 
criteria  and  determine  the  extent  of  development  required  and  the  pro- 
bability of  successfully  acquiring  a particular  repeater  alternative. 

5.5  Log  is t lea.  The  logistics  aspect  of  each  alternative  in 

evaluated  in  terms  of  the  maintenance  skills,  repair  parts, and  special 

test  equipment  required. 

5.5.1  Test  Equipment.  The  special  equipment  needed  to  properly 
support  a given  repeater  in  the  field. 

5.5.2  Repair  Parts.  The  number  of  unique  components  necessary  to 

support  a repeater  in  the.  field  In  case  of  failure  or  malfunction. 

5.5.3  Maintenance  Skills.  The  special  technical  skills  required 
of  support  personnel  in  the  field. 

5.5.4  Equipment  Adjustments.  The  number  of  adjustments  required 
during  'Deration. 

5 . 6 Physical  Characteristics . 

5.6.1  Volume . Along  with  size,  the  volume  of  the  repeater  may 
determine  its  ability  to  be  used  in  certain  air  dispensers. 

5.7  Costs . Costs  for  each  alternative  are  estimated  to  include 
all  costs  from  engineering  development,  initial  purchase  and  supply  of 
each  army  element  with  the  required  system  components,  to  the  continued 
resupply  of  equipments  with  supporting  costs  for  the  expected  life 
cycle,  of  the  system. 

5.7.1  R6D  Costs.  Tills  is  the  cost  required  to  develop  and  test 
the  device  to  the  point  where  initial  production  may  begin.  Extending 
the  state-of-the-art  of  a required  capability  may  be  required  in  some 
cases . 


5.7.2  Acquisition  Costs.  This  is  the  cost  required  to  procure 
and  stock  the  required  Army  elements  (division,  battalion,  etc.)  with 
the  equipment,  spare  parts,  software,  etc.,  for  an  initial  operational 
capability.  Subsequent  costa  are  co'.  ered  under  life  cycle  support  costs. 

5.7.3  Life  Cycle  Support  Costs.  These  costs  are  required  for  re- 
placement items,  support  personnel,  management,  transportation  and  depot 
maintenance . 
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6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 


6.1  Ceneral.  The  MN  specifies  that  repeaters  will  be  required 
to  extend  the  transmission  path  when  the  tactical  situation  or  terrain 
features  prohibit  direct  path  sensor  to  read-out.  device  (UCR/T  or  SRU) 
transmission.  It  also  requires  that  the  DTS  be  capable  of  sending 
both  analog  and  digital  data.  This  technical  evalua'  '.on  will  consider 
those  criteria  which  impact  on  the  three  alternatives  of  building 
digital  only , analog  only,  or  combined  relays  and  the  techniques  to  be 
used  for  analog  repeaters.  A substantial  portion  of  this  analysis  has 
been  previously  presented  in  Feb.  1973  to  the  ODDR&E  Sensor  Frequency 
Coordination  Committee  in  a CSTA  Laboratory  report  entitled  "The 
Sensor  Radio  Relay." 

6.2  Criteria  Evaluation. 

6.2.1  Deployment  Methods.  The  REMBASS  MN  states  that  the 
repeater  must  be  capable  of  being  b'nd- emplaced,  air-dropped,  or 
operated  from  an  airborne  platform  The  evaluation  of  the  separate 
repeater  types  against  these  criterion  will  be  mostly  concerned  with 
the  physical  criteria  which  is  addressed  in  a separate  section  of  this 
report . 


6. 2.1*1  Hand  Emplacement.  The  problems  inherent  in  the  design 
and  fabrication  of  a repeater  capable  of  withstanding  normal  storage 
and  hand  emplacement  by  troops  appears  to  present  no  major  problem. 

Volume  will  be  the  most  significant  criteria  in  evaluating  the  prac*- 
ticality  of  a hand  emplaced  repeater. 

6. 2.1. 2  Air  Drop  Emplacement.  For  air  emplacement,  volume,  con- 
figuration, electronic  and  structural  design, and  fabrication  considera- 
tions become  paramount.  Several  air  dropped  sensors  have  been  developed 
and  results  of  live  tests  of  these  sensors  indicate  fair  survivability 
performance  with  failures  due  primarily  to  connectors  and  crystals. 

The  hardware  experience  obtained  through  these  developments  are  directly 
applicable  to  air-dropped  repeaters',  however,  emplacement  accuracy  and 
antenna  height  requirements  for  repeaters  are  considerably  more  demanding 
than  for  sensors. 

0.2. 1.3  Airborne  Platform  Operation.  The  REMBASS  radio  repeater 
may  be  required  to  operate  in  an  t.erial  platform,  such  as  a rotary  or 
fixed  wing  aircraft.  With  proper  design  it  is  anticipated  that  a standard 
hand  emplaced  repeater  will  fulfill  the  airborne  requirement.  Therefore* 
in  designing  and  fabricating  the  hand  emplaced  repeater  consideration 
will  be  given  to  the  additional  shielding  required  for  the  aircraft 
system  EMI  compatibility,  r.nd  aircraft  vibration  and  shock,  characteristics. 
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Because  of  the  broad  geographical  area  of  coverage  afforded  by  an 
airborne  repeater,  the  potential  for  interference  from  ground  based 
repeaters  or  sensors  on  common  or  adjacent  channels  is  significantly 
higher  than  between  ground  based  repeaters.  Consideration  must  there- 
fore be  given  to  selecting  transmission  and  frequency  translation  tech- 
niques which  afford  a sufficient  channel  capacity  to  enable  assignment 
of  the  required  number  of  sensor  and  repeater  channels,  and  which  pro- 
vide a low  interference  potential. 

6.2.2.  Performance. 

6. 2. 2.1  RF  Isolation.  The  basic  problem  in  the  design  and  fabrica- 
tion in  any  repeater  system  is  RF  isolation  between  its  output  and  input. 
Sufficient  isolation  between  the  receiver  and  transmitter  must  be  main- 
tained in  order  to  prevent  the  repeater  transmitter  from  activating  or 
desensitizing  its  receiver  via  either  internal  or  external  feedback 
paths,  a situation  known  as  "Ring-Around"  (Figure  3-8).  A variation  of 
ring-around  is  experienced  in  multlhop  usage  in  that  a repeater  trans- 
mitter must  not  activate  its  own  receiver  or  any  previous  repeater 
receiver  in  the  hop  chain.  This  latter  situation  is  known  as  spatial 
**ing-around  and  is  sho'm  in  Figure  3-9. 

6. 2. 2. 1.1  Digital  Only  Repeater.  As  stated  in  6.2.1,  the  digital 
repeater  employs  S&F  technique.  The  S6F  technique  eliminates  single 
repeater  ring-around  (Figure  3-8)  regardless  of  whether  FI  - FI  or 

FI  - F2  frequency  translation  Is  employed.  However,  spatial  ring-around 
could  still  occur  in  multihop  operation  in  an  FI  - F2  system  or  if  any 
of  the  FI  - F2  frequencies  are  reused  (as  a result  of  limited  number  of 
frequencies  or  poor  frequency  management)  within  the  range  of  RP  propa- 
gation. Transmissions  from  other  repeaters,  sensors,  SCM's,  and  command 
transmitters  operating  on  the  same  or  adjacent  RF’  channels,  if  close 
enough  to  be  repeaters  in  question,  will  be  received  by  the  repeater. 

Thus,  reception  of  messages  net  intended  to  be  retransmitted  by  a par- 
ticular repeater  is  possible.  However,  by  adding  a repeater  address  to 
the  message  or  by  storing  the  message  ID,  the  repeater  in  question  can 
determine  if  it  has  previously  transmitted  the  same  message  or  is  attempt- 
ing to  relay  a message  from  another  sensor  field  (i.e.  it  can  identify 
invalid  messages).  In  summary,  the  decoding  logic  in  the  digital  repeater 
must  be  designed  to  eliminate  retransmissions  of  previously  transmitted 
messages  to  eliminate  spatial  ring  around. 
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6. 2. 2. 1.2  Analog  Only  Repeater.  The  analog  only  repeater 
operates  in  the  FI  - F2  frequency  translation  mode  (either  in-band  or 
out-of-band)  and  the  receive  and  retransmit  functions  occur  simultaneously. 

No  decoding  logic  will  be  incorporated  in  the  analog  only  repeater  to 
discriminate  between  valid  messages  and  invalid  messages  from  adjacent 
sensor  systems  operating  on  the  sane  RF  channel.  The  analog  only  re- 
peater will  require  strict  frequency  management  to  prevent  retransmission 
of  invalid  messages.  i 

6. 2. 2. 1.3  Digital  and  Analog  Combined  Repeater.  The  digital  and 
analog  combined  repeater  can  only  operate  in  FI  - F2  frequency  transla- 
tion mode  but  contains  decoding  logic  which  will  allow  it  to  recognize 
and  retransmit  only  valid  massages  and  commands.  It  has  the  barne  invalid 
message  rejection  capability  as  the  digital  only  FI  - F2  repeater. 

ii 

In  summary,  the  combined  repeater  is  capable  of  rejecting  invalid 
messages;  however,  strict  RF  frequency  management  is  required  to  avoid 
message  loss  due  to  interference  from  messages  transmitted  on  reused  RF 
channels.  Table  III-I  indicates  the  relative  ring-around  performance 
of  three  repeater  alternatives. 


TABLE  III-I 
RF  ISOLATION  RATINGS 


ALTERNATIVE 

COMMENT' 

RATING 

ANALOG 

Requires  strict  frequency  management  and 
more  channels . 

r 

5 

DIGITAL 

Minimum  frequency  problems. 
Requires  Repeater  ID, 

10 

COMBINED 

Requires  some  frequency  management. 
Requires  Repeater  ID. 

8 

I 


I 


r 


r 
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6. 2. 2. 2 Repeater  Message  Delay  and  Loss.  Sensor  and  command 
messages  may  experience  delays  in  being  retransmitted  in  either  single 
or  multihop  systems  depending  on  the  type  of  repeater  employed.  In 
addition,  the  type  of  repeater  will  also  effect  the  loss  of  messages 
or  portions  of  the  information  being  retransmitted  through  the  system. 

6. 2. 2. 2.1  Store  and  Forward  Digital  Only  Repeater.  The  S&F 
digital  repeater  approach  in  a multihop  system  with  n repeaters  resultB 
in  message  delays  equal  to  n times  the  basic  message  length.  This  is 
due  to  the  fact  that  the  message  is  completely  received  and  stored  prior 
to  retransmission.  The  S&F  digital  repeater  greatly  increases  the 
statistical  probability  of  message  loss  due  to  message  overlap  in  compari- 
son to  real  time  repeater  operation.  *This  is  due  to  the  fact  that  the 
receiver  in  the  repeater  is  turned  off  while  the  message  is  being  re- 
transmitted and  a finite  probability  exists  that  other  sensors  might  trans- 
mit a message  while  the  receiver  is  turned  off. 

6. 2. 2. 2. 2.  Analog  Repeater.  Analog  only  repeaters  retransmit 
messages  In  real-time  and  the  propagation  delay  accounts  for  the  majority 
of  delay  time  in  relaying  the  message  to  UCR/T.  Although  little  or  no 
time  loss  is  experienced  in  relaying  the  message,  analog  repeaters  still 
have  a basic  statistical  loss  due  to  message  overlap.  The  prolability  of 
message  loss  due  to  overlap  increases  greatly  for  analog  messages  be- 
cause the  analog  messages  are  hundreds  of  timeB  longer  than  the  digital 
message.  However,  calculation  of  the  actual  loss  of  messages,  particu- 
larly where  analog  and  digital  messages  are  intermixed,  requires  very 
judicious  choice  of  parameters  and  interpretation  of  the  probability  of 
message  loss  equation  to  obtain  meaningful  results. 

6. 2. 2. 2. 3 Combined  Repeater.  The  digital  and  analog  combined 
repeater  retransmits  a message  after  the  digital  header  portion  of  the 
message  (Preamble,  Message  'i/pe,  ID's  etc)  has  been  decoded,  checked, 
and  reinserted  for  modulation  of  the  transmitter.  A small  portion  of  the 
analog  information  (1  header  length  or  .50msec)  following  the  digital  header 
is  cut  off  at  each  radio  repeater  to  allow  for  reinsertion  of  the  new  header. 
Up  to  1/4  sec  will  be  removed  from  the  analog  portion  of  a message  in  pass- 
ing through  a 5 hop  repeater  chain.  The  digital  portion  of  the  message 
is  actually  being  processed  in  a S&F  mode  while  the  analog  is  real  time. 

See  Figure  3-10. 

*Sensor  transmissions  may  occur  in  a near  simultaneous  time  frame  and  com- 
pete with  each  other  in  attempting  to  be  relayed  back,  to  the  UCR/T.  A 
statistical  model  using  the  Poisson  distribution  is  a method  of  predicting 
the  probability  of  a message  being  lost  due  to  competing  sensor  transmissions 
(Alternatively  it  also  represents  the  percentage  of  message  lost),  i'rob 
of  message  loss  - 1 exp  [-K(N-1)XT] 

where  K * factor  of  values  1 to  3,  determined  by  system 
N - number  of  sensors  in  field 
* average  sensor  activation  rate 
T ™ message  duration 
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mitted due  to 
jheader  delay 

! 

Digital  Header  | Up  to  20  seconds  of  Analog  Data 

I 1 

i 


RETRANSMITTED 

MESSAGE 


Digital  Header  | Analog  Data 


T “0  l'i  » lx  Header  T2  **  2x  Header 

Duration  Duration 


FIGURE  3-10 

PICTORAL  REPRESENTATION  OF  ANALOG  LOSS  DUE 
TO  HEADER  DELAY  IN  COMBINED  REPEATER 


While  a portion  of  the  analog  message  is  lost  at  each  hop,  the  amount  is 
negligible  and  of  little  consequence  in  sensor  applications.  Example; 

For  an  assumed  header  of  5C  millisecond  duration  and  20  seconds  of  analog 
data  the  loss  for  a single  repeater  represents  1/A  of  one  percent  of  orig- 
inal analog  Information.  For  a five  hop  system  the  loss  would  be  1-1/4% 
of  the  original  analog  information.  The  probability  of  message  loss  for 
the  combined  repeater  is  equal  to  that  of  the  S&F  digital  repeater  when 
retransmitting  digital  messages  and  equal  to  the  analog  only  repeater  when 
retransmitting  analog  messages.  Table  III-II  indicates  th»_  message  delay 
and  message  loss  performance  of  the  three  types  of  repeaters. 

6. 2. 2. 3 Signal  to  Noise  Degradation  - Digital  vs  Analog.  Analog  and 
also  combined  repeaters  retransmitting  analog  data  can  be  considered  as 
band  limited  amplifiers  which  amplify  both  input  signal  and  in  band  noise, 
while  adding  a little  noise  of  its  own.  Consequently  the  signal-to-moise 
(S/N)  ratio  progressively  decreases  with  each  repeater  so  that  after  a 
system  consisting  of  M links,  the  f inal  (s/n)  is : 

(3)  - 1 */s\ 

\N/M  M \N/lst  relay 
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For  example , assume  chat  a sensor  transmission  Is  to  be  retransmitted  by 
5 repeaters  of  equal  characteristics  (e.g.,  output  power,  sensitivity, 
link  distance,  etc.)  to  a UCR/T  - assume  also  Lhat  the  (S/N)  in  the  IF  of 
the  first  repeater  ranges  over  10-12-17dB.  Using  the  above  relation  it 
is  determined  that  available  (S/N)  at  the  UCR/T  is  reduced  to  the  respective 
range  of  3-5-10dB.  Another  way  of  expressing  the  degradation  in  (S/N)  in 
passing  through  a M hop  link  is  (S/N)  (dB)  - 10  log  M,  where.  (S/N)  is  the 
signal-to-noise  ratio  in  the  IF  ampliiie.s  of  the  first  repeater.  For 
M - 5 the  loss  is  7dB.  Therefore,  in  a system  of  repeaters  retransmitting 
analog  data,  (S/N)  at  the  UCR/T  is  considerably  reduced.  For  fixed  trans- 
mitter power,  the  reduction  in  (S/N)  caused  by  the  analog  repeaters  implies 
that  the  repeaters  must  be  deployed  closer  together  in  order  to  maintain 
a reliable  communications  link  (i.e.,  the  more  repeaters  in  the  system,  the 
shorter  the  operating  range  of  each  repeater).  A digital  S&F  repeater 
however  is  a regenerative  repeater  in  tliat  the  data  is  converted  to  base- 
band, decoded,  stripped  of  most  of  its  noise  and  then  retransmitted.  The 
overall  error  rate  of  the  multihop  link  will  obviously  increase  as  the 
number  of  links  increases.  For  example,  assuming  a 5 hop  system  with  a 
required  bit  error  rate  of  Pe  - 10"^,  a 7dB  advantage  is  achieved  by  using 
a digital  S&F  repeater  system  instead  of  an  analog  repeater  system.  This 
improvement  may  be  translated  into  a 7dB  transmitter  power  reduction  (for 
fixed  distances),  or  extended  operating  ranges  equivalent  to  7dB  between 
all  repeaters. 


TABLE  II I- I I 

MESSAGE  DELAY  AND  MESSAGE  LOSS  RATINGS 


Alternative 

Message  Loss 
Due  to  Overlap 

RaLing 

Message 

Delay 

Rating 

S&F  Digital 

Lowest 

10 

Longest 

8 

Analog 

Highest 

8 

Shortest 

10 

Combined 

analog  - High 
Digital  - Low 

8 

— - 

Analog  - Shortest 
Digital  - Longest 
(Same  as  S&F) 

10 

8 
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In  summary,  a multihop  system  using  digital  repeaters  lias  a 
definite  (S/N)  advantage  over  a system  using  analog  repeaters.  The  (S/N) 
advantage  can  mean  either  reduced  power  requirements  or  extended  ranges. 
Table  III-III  indicates,  qualitatively,  the  signal  to  noise  degradation 
effects  of  the  various  repeaters. 


TABLE  III-III 

DIGITAL  VS  ANALOG  REPEATER 
SIGNAL  TO  NOISE  RATINGS 


ALTERNATIVE 

COMMENTS 

RATING 

Digital 

Least  Loss 

10 

Analog 

Most  Loss 

5 

Combined 

Analog  - Most  Loss 

5 

Digital  - Least  Loss 

10 

6.2.2.^  ECM  Performance.  Since  the  repeater  will  monitor  the 
transmissions  of  many  sensors,  it  has  been  rather  firmly  concluded  that 
it  would  be  a prime  target  of  sensor-related  ECU  activities  and  attention 
should  therefore  be  given  to  optimizing  ECM  protection.  Inasmuch  as  the 
out-of-band  technique  encompasses  two  15  MHz  frequency  oands,  as  opposed 
to  two  0.5-3  MHz  frequency  bands  for  an  in-band  technique,  it  is  inherently 
less  vulnerable  to  broadband  electronic  countermeasures.  The  in-band 
repeater  offers  a potential  enemy  less  bandwidth  over  which  to  search  for 
sensor  activity  and  also  allows  a broadband  jammer  to  concentrate  his 
energy  in  a narrower  band  thereby  increasing  his  effectiveness.  In  fact, 
this  anti-jam  property  of  an  out-of-band  technique  may  exceed  that  of  an 
in-band  technique  by  17-25dB  depending  on  the  specific  in-band  filter 
characteristics  (considering  the  A/J  protection  as  a function  of  bandwidth). 
Of  the  in-bar.d  repeaters,  the  digital  only  repeater  provides  the  maximum 
ECM  protection  because  it  retransmits  a very  short  duration  message  and  aloo 
because  the  repeater  channels  would  not  necessarily  be  contained  in  two 
portions  of  an  in-band  system  and  therefore  would  be  more  difficult  for 
the  enemy  to  locate.  If  the  digital  repeater  operates  out-of-band  it 
would  enjoy  additionally  the  same  bandwidth  ratio  A/J  protection  as  des- 
cribed above  for  the  analog  out-of-band  and  provide  maximum  protection. 

Since  they  do  not  differentiate  between  received  signals,  all  analog  re- 
peaters function  as  repeat  jammers  and  this  is  a serious  disadvantage. 
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TABLE  I I I- IV 


ECM  RATINGS  Of  THE  THREE  ALTERNATIVE  REPEATERS 


Alternative 

Remarks 

Rating 

Digital 

1.  Shortest  Message  - most  difficult  for 
the  enemy  to  locate,  spot  jam  and  spoof. 

Fj  - F,  Mode  - Message  is  retrans- 
mitted on  trie  same  frequency  at  each  re- 
lay - but  total  transmission  time  is  still 
much  less  than  analog. 

10 

3.  F.  - F2  Mode  - Message  is  retrans- 
mitted on  different  frequencies  and  there- 
for less  subject  to  enemy  intercept. 

Analog 

4.  Longest  Message  - Easy  for  enemy 
to  locate  and  spot  jam. 

5.  Lack  of  Decoder  - Implies  that  the 
relay  would  be  more  vulnerable  because 
the  relay  retransmits  any  incoming 
carrier  on  the  operating  frequency 

2 

6.  In-Band  Mode  - Most  vulnerable  to 
spot  jamming  because  relay  operation  is 
restricted  to  two  rather  narrow  bands. 

7.  Out-of-Band  Mode  - Provides  the 
most  A/J  protection  because  of  the  large 
bandwidth  ratio. 

Combined 

8,  Digital  retransmissions  1,  3,  and 
either  6 or  7 apply. 

Digital 

10 

9.  Analog  retransmissions  4 and  6 or 
7 also  a Decoder  eliminates  the  vulner- 
ability cited  in  5. 

Analog 

7 

The  combined  repeater  has  the  same  vulnerability  to  long  duration  analog 
messages  as  the  analog  only  repeater;  however,  it  lias  a decoder  which 
eliminates  automatic  retransmission  of  unintended  signals  occuring  on  its 
frequency.  When  retransmitting  digital  data,  the  combined  repeater  has 
the  same  ECM  advantages  as  the  digital  only  repeater.  Table  III-IV  indi- 
cates some  of  the.  ELM  considerations  for  each  type  repeater  and  provides 
a relative  ranking  at  the  repeaters. 

6. 2. 2. 5 In-Band  vs  Out-of-Hand  Antenna  Requirements.  An  out-of-band 
repeater  system  will  require  an  antenna  system  capable  of  responding  to 
each  band  of  frequencies.  Normally,  this  is  accomplished  by  using  two 
antennas,  one  for  each  band.  This  approach,  when  considering  the  con- 
figuration and  durability  requirements  of  air-drop  relays,  presents  a 
significant  problem  in  antenna  design.  Colinear  antenna  arrays  could 
be  built,  but  not  without  a special  development  effort.  A more  desirable 
solution  would  use  a single  antenna  operating  as  both  a center  fed  half- 
wave dipole  in  the  high  frequency  band  and  a quarter-wave  monopoly  in  the 
low  frequency  bar.:!.  Such  an  antenna  would  simplify  solution  Lu  the  packa- 
ging and  shock  requirements  of  an  out-of-band  repeater,  but  it  also  requires 
that  the  assigned  frequency  bands  be  separated  by  approximately  an  octave. 

An  in-band  repeater  has  an  advantage  over  out-of-band  techniques  in 
that  the  common  band  RF  circuitry  permits  use  of  a single  broadband 
antenna  for  both  receive  and  transmit  functions.  This  in  '.urn  im- 
proves the  likelihood  of  achieving  an  antenna  design  which  will  satisfy 
the  configuration  and  shock  requirements  of  air  dropped  repeaters. 

Table  II1-V  indicates  the  relative  ranking  of  thi  in-band  and  out-of 
bund  antenna  requirements. 


TABLE  III-V 

IN-BAND  VS  OUT-OF-BAND  ANTENNA  RA.TINCS 


■ 

ALTERNATIVE 

REMARKS 

RATING 

IN-BAND:  Digital; 

Analog; 

Combined 

Eati^r  to  de  rgn 
and  fabricate 

10 

OUT-OF-BAND:  Analog; 

Combined 

More  difficult  to 
design  and  fabricate 

C 
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6. 2. 2. 6 Spectrum  Utilisation  - Number  of  Charnels. 


6. 2. 2. 6.1  Required . A S&F  digital  only  repeater  operating  in  the 

F,  - mode  uses  the  absolute  minimum  number  of  frequencies  and  pro- 
vides the  greatest  flexibility  in  frequency  management.  When  operated 
in  the  Fj_  - F2  mode,  a relay  system  with  five  repeaters  requires  selec- 
tion of  seven  frequencies.  Note:  The  maximum  number  of  frequencies 

required  in  digital  or  combined  repeater  operating  in  the  simple  Fj.  - 
F2  mode  is  n + 2,  where  n is  the  number  of  repeaters.  An  analog  only 
repeater  operating  in  full  duplex  F^  - F2  requires  the  greatest  number 

of  frequencies  i.e.  2n  + 2 frequencies  where  n is  the  number  of  repeaters. 

6. 2.2. 6. 2 Available . An  in-band  analog  or  '.ombined  repeater 
necessarily  restricts  the  number  of  usable  cliannels  to  the  ratio  of  the 
isolation  filter  bandwidth  to  the  sensor  system  channel  bandwidth. 

Assuming  a realizable  filter  bandwidth  of  500  kHz  to  3 MHz  and  a usable 
channel  bandwidth  of  50  kHz  (including  guardhand),  an  in-band  repeater 
would  restrict  all  repeater  operations  to  10-60  channels,  half  in  each  hand. 
An  out-of-band  analog  or  combined  repeater  requires  assignment  of 

two  bands,  it  also  provides  the  maximum  number  of  50  kHz  channels 
(approximately  300)  to  choose  from,  and  in  this  sense  has  an  advantage 
over  in-band  (which  has  up  to  60  channels)  for  reducing  interference 
potential.  Thus  a distinct  advantage  is  held  by  an  out-of-band 
technique  in  that  the  number  of  channels  available  for  assignment 
exceeds  that  of  an  in-band  technique  by  5:1  minimum.  Table  II1-V1 
indicates  the  number  of  RF  channels  (frequencies)  required  when 
operating  each  type  of  repeater  in  series  multihop. 


NUMBER  OF  CHANNELS  (FREQUENCIES) 

REQUIRED  AND  AVAILABLE  TO  OPERATE  THE  THREE  ALTERNATIVE  REPEATERS  IN  MULTIHOP 


6. 2. 2. 7 Energy  Requirements.  Due  to  the  very  long  analog 
messages  (20  seconds)  that  muat  be  retransmitted  by  the  analog  and 
combined  repeaters,  energy  consumption  is  greatest  in  these  repeaters. 
In  addition,  the  analog  only  repeater  has  two  receivers  which  are 
"on"  constantly  and  therefore  requires  approximately  twice  the  battery 
capacity  as  does  a combined  repeater.  The  S&F  digital  repeater  con- 
sumes the  least  amount  of  energy.  Table  I1I-VI1  indicates  the  relative 
battery  energy  requirements  for  the  three  types  of  repeaters. 


TABLE  1II-VII 

ENERGY  REQUIREMENT  RATINGS  OF  THE 
ALTERNATIVE  REPEATERS 


ALTERNATIVE 

REMARKS 

RATINGS 

Digital 

Least.  F.nergy 

10 

Analog 

Most  Energy 

2 

Combined 

Moderate  Energy 

6 

6.2.3  Versatility.  A versatile,  repeater  is  one  which  is  capable 
of  retransmitting  both  analog  and  digital  data.  The  digital  only  repeater 
is  noc  capable  of  relaying  analog  messages.  The  analog  only  is  capable 
of  relaying  analog  and  digital  but  not  decoding  any  digital  header. 
Therefore,  it  is  primarily  for  analog  retransmission.  The  combined  repeater 
is  truly  a versatile  repeater  in  that  it  is  capable  of  recognizing  and 
relaying  both  analog  and  digital  messages.  Note:  A fourth  alternative 

may  be  considered  by  inserting  a digital  "Add-On"  module  (containing  a 
decoder,  etc-)  to  an  analog  only  repeater.  Use  of  the  "Add-On"  module  on 
an  analog  repeater  could  provide  the  same  versatility  as  a combined  re- 
peater. Table  IIT-VIII  indicates  the  message  type  versatility  of  the 
three  repeater  alternatives  and  the  "Add-On"  alternative. 
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TABLE  111-VLH 

MESSAGE  TYPE  VERSATILITY  OF  THE 
ALTERNATIVE  REPEATERS 


6.2.4  Development  Schedule/Risk.  The  development  time  schedule 
and  development  risk  are  related  items  and  are  therefore  considered  to- 
gether. Development  of  an  air  delivered  repeater  involves  the  most 
risk  in  that  production  of  high  shock  resistant  crystals,  and  rugged 
antennas  for  the  deployment  environment  represent  areas  requiring  con- 
siderable investigation.  Also  an  area  of  risk  and  possible  scheduling 
delay  affecting  all  repeater  types  is  the  requirement  for  low  power 
digital  frequency  synthesizers.  Considerable  development  may  be  re- 
quired to  produce  a synthesizer  requiring  less  than  100  milliwatts  of 
power.  In  addition,  the  in-band  technique  requires  extreme  RF  isolation 
which  results  in  some  risk  in  filter  design  and  producibility . Out-of- 
band  techniques,  hand  emplaced  configurations  and  S£»F  techniques  all 
pose  little  or  no  risk  or  scheduling  problems.  Table  II1-1X  indicates 
the  relative  risk  and  scheduling  delays  which  might  be  experienced 
with  the  three  repeater  alternatives. 
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TABLE  111- IX 

SCHEDULING  DELAYS  AND  RISK  RATINGS  F< 
THE  THREE  REPEATER  ALTERNATIVES 


It 


ALTERNATIVE 

REMARKS 

S&F  D i jt,  i i_al 

Least  risk  and  schedule 
delays  for  Hand  and  Air 
Deployed 

Analog 

In-Band 

-Most  Risk  and  schedule 
delay  for  Air  Delivered 
-Moderate  for  Hand 
Emplaced 

Out-of-Band 

-Moderate  Risk  and 
schedule  delay  for  Air 
or  Hand  Emplaced 

Combined 

In-Band 

-Considerable  Risk  & 
schedule  delay  for  Air 
Delivered 

-Moderate  Risk  for 
Hand  Emplaced 

Out-of-Band 

-Moderate  Risk  & 
schedule  delay  for  Air 
delivered 
-Low  Risk  for  Hand 
Emplaced 
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TABLE  III 


6.2.5  Logistics . 


l 

i 


6. 2. 5.1  Test  Equipment  Required.  It  appears  that  the  test  equip- 
ment requirements  for  the  three  types  of  repeaters  would  not  differ 
significantly.  The  minor  impact  is  due  primarily  to  the  fact  chat  most 
test  equipment  will  be  of  the  "Go-No-Go"  type. 

6. 2. 5. 2 Repair  Parts  Required.  The  analog  repeater  contains 

the  most  components  and  therefore  would  probably  require  the  most  spare 
parts.  The  digital  only  and  combined  repeaters  would  require  slightly 
less  spare  cts. 


6. 2. 5. 3 Maintenance  Skills  Required.  At  each  category  of  main- 
tenance, it  appears  only  minor  differences  in  maintenance  skill  levels 
will  be  required  for  the  three  alternative  repeaters. 

6. 2. 5.4  Equipment  Adjustments  Required.  A frequency  or  RF 
channel  adjustment  must  be  included  on  all  reneaters.  In  addition 
the  digital  and  combined  repeaters  will  have  switches  for  setting 
repeater  ID  cod^s.  Therefore,  the  digital  and  combined  repeater 
may  be  slightly  more  complicated,  requiring  a few  more  adjustments. 
Table  III-X  indicates  the  relative  logistic  ratings  for  the  alternative 
repeaters . 

6.2.6  Physical  Characteristics.  Weight  and  shape  characteristics 
for  hand  and  air  delivered  repeaters  appear  to  be  of  equal  ranking  for 
the  three  alternatives.  However,  the  electronic  and  battery  volume 
required  for  the  three  alternatives  (including  the  in-band  or  out-of- 
band  alternative)  does  place  a restriction  on  the  minimum  sized  air 
delivered  repeater  that  can  be  built.  Table  IIT-XI  indicates  a general 
ranking  of  the  volume  requirements  in  a qualitative  way.  Engineering 
Analysis  3 will  give  a more  definitive  consideration  to  this  criterion. 


TABLE  111-XI 

VOLUME  REQUIREMENT  RATINGS  OF  THE 
THREE  ALTERNATIVES 


ALTERNATIVES 

REMARKS 

RATINGS 

Digital 

Least  Volume 

10 

Analog 

Out-of-Band  Mode,  Moderate  Volume 

6 

In-Band  Mode,  Largest  Volume 

3 

Combined 

Out-of-Band  Mode,  Moderate  Volume 

6 

In-Band  Mode,  Largest  Volume 

3 
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6.2.7  Coats. 


6.2. 7.1  Research  & Development  Coats.  Research  and  develop- 
ment costs  will  be  greatest  for  the  in-band  air  dropped  analog  and 
combined  repeaters.  This  is  due  to  the  required  high  shock,  high 
stability,  crystal,  antennas,  and  isolation  filter  developments. 

In  addition,  hybrid  and  LSI  technology  must  be  developed  for  the 
miniaturization  of  the  electronics  for  the  air  delivered  repeaters. 
Lowest  R&D  coats  are  assigned  to  hand  emplaced  repeaters  because 

of  minimum  size  and  weight  restrictions.  Table  III-XII  indicates 
relative  R&D  cost  for  the  repeater  alternatives, 

6. 2. 7. 2 Acquisition  Costs.  Acquisition  cost  is  the  cost 
required  to  procure  and  issue  the  initial  number  of  required  relays 

to  the  user.  The  acquisition  cost  includes  the  non-recurring  engineer- 
ing and  administrative  costs  and  recurring  end  item  arid  contract  manage 
ment  costs.  A few  repeater  components  can  be  identified  as  high  cost 
items  such  as  the  isolation  filters  for  in-band  repeaters  and  the  high 
shock,  high  stability  crystals  for  air  delivered  repeaters.  Other 
costs  can  be  attributed  to  the  number  of  modules  or  components  in  the 
alternative  repeater  (e.g.  analog  only  repeater  will  have  two  receivers 
and  the  combined  repeater  has  a decoder).  The  choice  of  transmission 
technique  may  have  an  impact  on  the  repeater  cost;  however,  for  this 
analysis  only  the  relative  repeater  alternative  costs  are  considered, 
and  not  transmission  techniques.  Table  II1-XI1I  indicates  the  relative 
acquisition  cost  of  the  alternative  repeaters. 

6. 2. 7.3  Life  Cycle  Support  Costs.  Life  cycle  support  costs 
consist  of  the  costs  for  crew  and  maintenance  personnel,  replacement, 
ILS  (management),  transportation,  and  depot  maintenance. 

It  has  been  decided  that  the  majority  of  air  delivered  repeaters 
used  in  combat  would  not  be  recovered  and  reused.  Therefore,  air  de- 
livered repeaters  will  have  higher,  relative  to  hand  emplaced  repeaters 
transportation  and  replacement  coats.  Also,  little  or  no  depot  main- 
tenance would  be  performed  on  air  delivered  repeaters  and  therefore 
they  would  have  lower  depot  maintenance  costs.  Table  III-XIV  indicates 
the  relative  costs  of  the  factors  comprising  life  cycle  support  costs. 
The  evaluation  data  are  summarized  in  Table  I1I-XV. 
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TABLE  III-XII 

RELATIVE  R&D  COST  RATINGS  FOR  ALTERNATIVE 
REPEATERS 


ALTERNATIVE 

RELATIVE  R&D  COST 

RATING 

Air  - Medium 

6 

Digital 

Hand  - Lowest 

10 

Analog:  In-Band 

Air  - Highest 

2 

Hand  - Medium 

6 

Out-oi-Band 

Air  - High 

4 

Hand  - Low 

8 

Combined : In-Band 

Air  - Highest 

2 

Hand  - Medium 

6 

Out-of-Band 

Air  - High 

4 

Hand  - Low 

8 

TABLE  III-XIII 

RELATIVE  ACQUISITION  COST  RATINGS 
FOR  ALTERNATIVE  REPEATERS 


ALTERNATIVE 

RELATIVE  ACQUISITION  COSTS 

RATING 

Air  - Medium 

6 

Digital 

Hand  - Lowest 

10 

Analog:  In-Band 

Air  - High 

4 

Hand  - Medium 

6 

Out-of-Band 

Air  - High 

4 

Hand  - Medium 

8 

Combined:  In-Band 

Air  - Highest 

2 

Hand  - Medium 

6 

Out-of-Band 

Air  - High 

4 

Hand  - Low 

8 
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TABLE  III  - XV 

SUMMARY  MATRIX  OF  EVALUATION  DATA 


PERFORMANCE 

RF  Isolation 

8.0 

Message  Delay 

9.0 

Message  Loss 

9.0 

S/N  Degradation 

7.5 

ECM 

8.5 

Antenna  Requiremer  cs 

7.5 

Spectrum  Utilization 

5.7 

Energy  Requirements 

6.0 

VERSATILITY 

9.5 

SCHEDULE 

Development  Time/Risk 

6.0 

LOGISTICS 

Test  Equipment 

9.0 

Repair  Parts 

9.0 

Maintenance  Skills 

9.0 

Equipment  Adjustments 

9.0 

PHYSICAL  CHARACTERISTICS 

Volume 

A.  5 

COSTS 

R&D 

5.0 

Acquisition 

5.0 

Life  Cycle  Support 

8.0 

10.0 
8.5  I 10.0 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 


The  previous  sections  of  this  engineering  analysis  have  described  the 
problem  area  in  which  a decision  must  be  made.  The  viable  alternatives  to 
solve  the  problem  have  been  identified,  and  in  Section  6.0,  each  of  these 
alternatives  were  scored  against  a set  of  evaluation  criteria  by  the  evalua- 
tion committee. 

The  purpose  of  this  section  is  to  utilize  the  evaluation  scores,  pre- 
sented in  Section  6.0,  together  with  a set  of  weighting  factors  to  obtain 
a ranking  of  the  alternatives.  The  weighting  factors  are  used  to  adjust 
the  impact  of  the  evaluation  scores  on  the  evaluation  criteria.  The 
weighting  factors  were  obtained  from  the  REMBASS  Project  Manager  and  mem- 
bers of  his  staff,  and  from  AMC  and  TRADOC  personnel. 

The  results  of  this  section  can  reflect  only  what  is  indicated  by  the 
data  supplied  as  inputs  to  the  ranking  process.  Therefore,  the  result  to 
be  expected  from  this  section  will  be  one  of  the  following: 

1)  One  of  the  alternatives  is  indicated  as  the  preferred  alternative 
by  a large  margin; 

2)  Two  or  more  alternatives  are  relatively  close,  but  one  is  indicated 
clearly  as  preferred  by  a 3mall  margin;  and 

3)  The  ranking  of  the  alternatives  is  so  close  that  no  alternative 
can  be  selected  as  the  preferred  alternative. 

To  develop  confidence  that  the  alternative  selected  as  the  preferred 
alternative  is  indeed  the  preferred  alternative  with  a very  small  margin 
of  error,  two  techniques  for  perturbing  the  results  are  used  to  determine 
the  stability  of  the  ranking  of  alternatives  obtained.  These  techniques 
are : 

1)  After  tne  basic  ranking  of  alternatives  has  been  achieved  by  the 
additive  weighting  technique  three  other  techniques  for  ranking  the  alter- 
natives are  used.  These  additional  techniques  have  the  properties  of  em- 
phasizing or  de-emphasizing  high  or  low  scores.  If  the  same  alternative 
is  indicated  as  the  preferred  alternative  by  all  of  these  techniques  there 
can  be  little  doubt  that  this  is  the  preferred  alternative.  When  the  pre- 
ferred alternative  changes  as  high  or  low  scores  are  emphasized,  information 
on  the  stability  of  the  ranking  is  provided. 

2)  In  Section  8.0  the  sensitivity  of  the  ranking  of  alternatives  to 
the  weighting  factors  for  the  major  evaluation  criteria  is  determined  by 
sequentially  varying  the  major  weighting  factors  between  minimum  and  maxi- 
mum values.  Thus  the  stability  of  the  ranking  to  variations  in  major 
weighting  factors  is  determined. 


1.02 


Thus  the  results  of  Sections  7.0  and  8.0  are  the  ranking  of  alter- 
natives and  a selection  of  a preferred  alternative  if  the  data  permits. 
Information  is  provided  on  how  stable  this  ranking  is  as  some  of  the  input 
data  is  perturbed. 

7.1  Basic  Ranking  Technique.  The  table  of  evaluation  scores  pre- 
sented in  Section  6.0  indicates  how  well  each  of  the  alternatives  was 
rated  in  each  of  the  evaluation  criteria.  In  order  that  the  evaluation 
scores  contribute  to  the  evaluation  rating  in  accordance  with  the  rela- 
tive importance  of  the  evaluation  criteria,  weighting  factors  were  used. 
The  evaluation  scores  of  Section  6.0  and  weighting  factors  for  each 
evaluation  criterion  are  processed  by  additive  and  other  weighting  tech- 
niques to  provide  evaluation  ratings.  REMBASS,  AMC,  and  TRADOC  personnel 
were  requested  to  assign  weight  values  to  each  of  the  raajo.-  e\  ;ation 
criteria  by  distributing  100  points  among  the  major  evaluatio.  riteria. 
The  more  important  evaluation  criteria  should  receive  a larger  number 
of  weighting  points.  In  addition  to  assigning  a nominal  weight  to  each 
major  evaluation  criteria,  the  participants  also  provided  the  range  of 
variation  from  nominal  which  they  expected  for  each  weighting  factor. 

The  same  nrocedure  was  used  to  assign  weighting  factors  to  sub-criteria. 
The  nominal,  maximum,  and  minimum  values  of  the  weighting  factors  used 
are  given  in  Table  IV-XVI . 
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TABLE  III  ••  XVI 
WEIGHTING  FACTORS 


NOMINAL  WEIGHT 

WEIGHT  RANGE 

MAJOR  SUB  MIN- 

FACTOR  FACTOR  IMUM 


I 

DEPLOYMENT  METHODS 

.1875 

.1250 

1 Hand  Emplacement 

.3250 

2 Air  Drop  Emplacement 

.4650 

3 Airborne  Platform 

.2100 

II 

PERFORMANCE 

.2450 

.1750 

1 RF  Isolation 

.0925 

2 Message  Delay 

.0750 

3 Message  Loss 

.1400 

4 S/N  Degradation 

.1225 

5 ECM  Vulnerability 

.1825 

6 Antenna  Requirements 

.1150 

7 Spectrum  Utilization 

.1250 

8 Energy  Requirements 

. 1475 

III 

VERSATILITY 

.1850 

.1525 

IV 

DEVELOPMENT /SCHEDULE  RISK 

.0800 

.0475 

V 

LOGISTICS 

.0800 

.0600 

i Test  Equipment 

.2750 

2 Rep-ir  Parts 

.2000 

3 Maintenance  Skills 

.2625 

4 Equipment  Adjustments 

.2625 

VI 

PHYSICAL  (Volume) 

.0850 

.0625 

VII 

COST 

.1375 

.0875 

MAX- 

IMUM 

.2625 
. 3750 


.2700 

.1575 

.1325 


.1550 

.2250 


1 R&D 

2 Acquisition 

3 Life  Cycle  Support 


.2625 

.4750 

.2625 


The  weights  provided  by  the  participants  were  given  to  two  significant 
figures.  To  obtain  values  for  Table  III-XV1  these  weights  were  divided  by 
100  to  make  the  sum  of  the  weights  of  major  criteria  (and  subcri  L.'.ria 
within  each  major  criterion)  equal  to  1.  Then  the  weights  were  averaged 
and  entered  in  Table  I1I-XVI  with  four  significant  figures,  three  of 
which  are  accurate.  An  evaluation  rating  is  computed  for  each  alternative 
by  multiplying  the  relative  score  for  a given  criterion  by  the  weighting 
factor  assigned  to  that  criterion.  The  result  is  a number  which  represents 
a combination  of  the  relative  Importance  of  the  criterion  and  the  evaluation 
score  of  the  alternative  for  that  criterion.  The  additive  weighting  tech- 
nique used  to  obtain  an  evaluation  rating  1st 


Where: 

ER 

dijk  “ 

SJk  - 

Wj  - 

n • 

rj 


Evaluation  Rating 

Relative  Evaluation  Score  for  Alternative  i 
for  Subcriterion  k of  Major  Criterion  ;j 

Weighting  Factor  for  Subcriterion  k of 
Major  Criterion  j 

Weighting  Factor  for  Major  Criterion 
Number  of  Major  Criteria 

Number  of  Subcriteria  of  Major  Criterion  j 


Table  1IL-XVII  lists  the  evaluation  scores  for  each  alternative  and 
evaluation  criterion,  together  with  the  weighting  factor  for  each  evalua- 
tion criterion.  The  evaluation  scores  in  this  table  are  accurate  to  two 
significant  figures.  The  last  line  is  the  evaluation  rating  or  weighted 
score  for  each  alternative.  To  illustrate  how  each  value  listed  in  the 
evaluation  rating  line  was  obtained,  a sample  calculation  for  one  of  the 
alternatives  using  additive  weighting  is  presented. 
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TABLE  III  " XVII 


EVALUATION  SCORES 


A B C 


I 

DEPLOYMENT  METHODS  .1875 

1 Hand  Emplacement 

2 Air  Drop  Emplacement 
3.  Airborne  Platform 

.3250 

.4650 

.2100 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

II 

PERFORMANCE  . 2 A 5 0 

1 RF  Isolation 

2 Message  Delay 

3 Message  Loss 

4 S/N  Degradation 

5 ECM  Vulnerability 

6 Antenna  Requirements 

7 Spectrum  Utilization 

8 Energy  Requirements 

.0925 

.0750 

.1400 

.1225 

.1825 

.1150 

.1250 

.1475 

10.0 
8.0 
10.0 
10.0 
10.0 
10.0 
6.7 
10. 0 

5.0 
10.0 

8.0 

5.0 

2.0 
7.5 
4.7 
2.0 

8.0 

9.0 

9.0 

7.5 

8.5 

7.5 
5.7 

6.0 

III 

VERSATILITY  .1850 

1.0 

7.0 

9.5 

IV 

DEVELOPMENT/ SCHEDULE  .0800 

RISK 

10.0 

5.0 

6.0 

V 

LOGISTICS  * 0800 

1 Test  Equipment 

2 Repair  Parts 

3 Maintenance  Skills 

4 Equipment  Adjustments 

.2750 

.2000 

.2625 

.2625 

10.0 

10.0 

10.0 

9.0 

9.5 

8.5 

9.5 
10.0 

9.0 

9.0 

9.0 

’>.0 

VI 

PHYSICAL  (Volume)  .0850 

10.0 

4.5 

4.5 

VII 

COST  .1375 

1 R&D 

2 Acquisition 

3 Life  Cycle  Support 

.2625 

.4750 

.2625 

8.0 

8.0 

9.1 

5.0 

5.5 

7.9 

5.0 

5.0 

8.0 

EVALUATION  RATING 

7 . 

6.79 

7.87 

ALTERNATIVE  KEY 

A - 
B - 

C - 

Digital 

Analog 

Combined 
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Consider  Alternative  A of  Table  1II-XVII.  The  weighting  factor  for  Hand 
Emplacement  (.325)  and  the  relative  score  for  Hand  Emplacement  (10)  were 
multiplied.  Similar  products  w r-T  fo.med  for  Air  Drop  Emplacement  and 
Airborne  Elat  form.  The  result&a  Oiocucts  were  added,  and  the  sum  multi*' 
plied  by  the  Deployment  Methods  Weighting  Factor  (,18/o),  Producing  the 
overall  Deployment  Methods  Weighted  Score.  Similar  calculations  were 
performed  for  each  of  the  other  major  criteria,  producing  overall  weighted 
scores  for  Performance,  Versatility,  Development/Schedule  Risk,  Logistics, 
Physical  Characteristics  und  Cost.  Each  of  these  major  criterion  overall 
weighted  scores  were  added  together , the  sum  appearing  in  the  last  line 
under  EVALUATION  RA11NG.  This  Is  the  total  weighted  score  for  the  Alter- 
native A using  the  additive  weighting  technique. 

Ihe  calculations  described  above  are  given  below  for  illustrative 
purposes : 
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The  data  presented  in  Table  III-XVII  is  a combination  of  infor- 
mation extracted  directly  from  Section  6.0  plus  information  that  is 
consolidated  from  Section  6.0. 


Data  consoJ idation  was  necessary  in  the  following  areas: 


Message  Loss 
Message  Delay 
S/N 
ECM 

Antenna  Requirements 
Spectrum  Utilization 


Versatility 

Development/Schedule  Risk 
Physical  Characteristics 
RuD  Cost 

Acquisition  Cost 
Support  Cost 


In  all  cases  the  data  was  consolidated  by  averaging.  This  technique 
was  recommended  by  the  Subsystem  Team  to  resolve  the  problems  created  by 
evaluating  the  alternatives  on  the  basis  of  in-band  and  out-of-band  tech- 
niques or  where  two  separate  entries  are  supplied  for  the  combined 
alternative.  This  initial  analysis  indicates  that  the  digital  and  com- 
bined alternatives  are  preferred.  The  rankings  are  too  close  to  con- 
fidently select  one  above  the  other.  Both  are  definitely  preferred 
above  the  analog  alternative. 


7.2  Secondary  Ranking  Techniques.  The  additive  weighting  analysis 
technique  is  a valid  procedure  for  evaluating  alternatives.  The  basic 
advantage  is  that  it  considers  all  pertinent  criteria  in  comparing  alter- 
natives, rather  than  a limited  selection  of  criteria.  The  technique 
does  suffer  since  the  values  for  weights  and  relative  scores  are  assigned 
based  on  the  judgement  of  the  participating  contributors,  l'he  results  are 
subject  to  variation  to  a degree  dependent  upon  the  judgement  of  the 
evaluators . 


In  order  to  determine  if  variations  in  judgement  in  assigning 
values  to  scores  will  have  a significant  effect  upon  the  final  evaluation, 
three  additional  mathematical  techniques  are  utilized  in  computing  evalua- 
tion ratings.  These  additional  techniques  have  the  intrinsic  effect  of 
biasing  the  results  up  or  down  and  simulate  the  effect  of  using  input 
scores  of  greater  or  lesser  value.  The  secondary  techniques  are  listed 
below  with  a brief  description  of  each  method  and  its  effect  upon  the  basic 
data. 


7.2.1  RMS  Weighting.  The  resultant  evaluation  rating  is  the  square 
root  of  the  sum  of  the  products  of  the  evaluation  score  squared  times  its 
appropriate  weighting  factor.  This  can  be  expressed  as  follows: 


This  method  places  greater  emphasis  on  high  scores. 
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[ 7.2.2  Multiplicative  Weighting.  The  resultant  evaluation  rating 

>,  is  the  product  of  all  evaluation  scores  raised  Lo  the  power  of  their 

appropriate  weight.  This  can  he  expressed  as  follows: 

e 


This  method  places  greater  emphasis  on  low  scores. 

7.2.3  Logar  ltluuic  Weighting.  The  resultant  evaluation  rating  is 
the  logarithm  of  the  sum  of  the  products  of  2 raised  to  the  evaluation 
score  power  times  Its  appropriate  weight.  This  can  he  expressed  as  follows: 

T) 

dr  = / oc  y 

This  method  places  extreme  emphasis  on  high  scores. 

The  same  basic  data  used  in  computing  evaluation  rating  by  the  additive 
technique  are  used  in  computing  evaluation  rating  by  the  three  secondary 
techniques  described  above.  The  method  of  computation  was  generally  the 
same  as  described  except  that  the  appropriate  equation  and  mathematical 
manipulations  were  substituted  in  each  case.  The  resultant  evaluation 
scores  and  their  ranks,  based  on  nominal  values,  derived  by  each  of  the 
four  analytical  techniques  are  shown  in  Table  Ill-XVLII. 

7.3  Comparison  of  Results  Using  Nominal  Values.  Referring  to 
Table  III-- XVII I,  it  appears  that  the  digital  alternative  is  most  preferred. 
Combined  is  ranked  second  with  the  analog  alternative  consistently  last. 


TABLE  III  - XVIII 

ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL 
TECHNIQUES  USING  NOMINAL  VALUES 


ALTER- 

ADDITIVE 

RMS 

MULTIPLICATIVE 

LOGARITHMIC 

NATIVE 

RATING 

RANK. 

RATING 

RANK 

RATING 

RANK 

RATING  RANK 

A 

7.94 

1 

8.64 

1 

6.25 

2 

9.42  1 

B 

6.77 

3 

7.19 

3 

6.23 

3 

8.35  3 

C 

7.87 

2 

8.12 

2 

7.59 

1 

8.81  2 

ALTERNATIVE  KEY 

A - Digital 
B - Analog 
C - Combined 
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8.0  SENSITIVITY  ANALYSIS 


The  evaluation  ratings  used  to  determine  the  ranking  of  the 
alternatives  are  computed  from  the  evaluation  scores  and  the  weighting 
factors  assigned  to  each  of  the  major  and  minor  evaluation  criteria. 

The  weighting  factors  are  determined  by  knowledgeable  individuals  to 
adjust  for  the  relative  importance  of  each  of  the  evaluation  criterion. 
Because  the  weighting  factors  are  based  on  the  judgement  of  individuals, 
the  sensitivity  study  is  used  to  determine  the  effect  on  the  ranking  of 
alternatives  caused  by  expected  variations  in  judgement. 

The  exyected  variation  in  each  weighting  factor  is  obtained  by 
asking  the  individuals  who  supply  the  nominal  weighting  factors  to  supply 
also  their  estimates  of  maximum  and  minimum  values.  The  weighting  factors 
used  for  this  engineering  analysis  are  given  in  Table  III-XVI. 

To  determine  the  sensitivity  of  the  variations  in  weighting 
factors  for  the  major  evaluation  criteria,  the  weighting  factors  are  varied 
between  maximum  and  minimum  values.  This  process  provides  information  on 
the  stability  of  ranking  of  Mie  alternative s determined  in  Section  7.0 
as  the  major  weighting  factors  are  varied.  Because  the  impact  of  the 
weights  for  the  minor  evaluation  criteria  on  the  evaluation  ratings  is 
much  less  than  that  for  the  weights  of  the  major  evaluation  criteria, 
a sensitivity  study  considering  the  weights  of  minor  evaluation  criteria 
was  not  considered  necessary.  By  combining  the  sensitivity  study  and 
the  use  of  the  different  weighting  techniques  described  in  Section  7.0, 
information  is  obtained  on  the  stability  of  the  ranking  of  alternatives 
to  variation  in  weighting  factors,  as  well  as  to  variations  in  evaluation 
scores.  Rather  than  vary  the  scores  of  all  the  criteria  individually, 
this  technique  approximates  this  function  by  alternately  emphasizing 
high  scores  and  then  lov,  scoces. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 
The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the 
additive  technique  served  as  the  base  set  of  values.  Then  14  additional 
sets  of  evaluation  ratings  were  calculated  using  maximum  and  minimum 
weighting  factors  for  each  of  the  7 major  evaluation  criteria.  When  the 
weighting  factor  for  one  major  evaluation  criteria  was  changed  to  maximum 
or  minimum,  all  other  major  criterion  weighting  factors  were  adjusted 
proportionately.  The  results  of  the  additive  weighting  sensitivity  study 
are  plotted  in  Figure  3-11.  The  weighted  score  or  evaluation  rating  is 
plotted  against  the  major  criteria  weight  combination  used  in  the  calcula- 
tion. An  examination  of  Figure  3-11  reveals  that  the  digital  and  combined 
alternatives  are  closely  grouped.  Both  are  rated  signif ic<~ntly  above  the 
analog  alternative.  The  digital  and  combined  alternatives  exhibit  the 
largest  separation  when  the  versatility  criterion  weight  is  maximized. 

This  seems  to  be  logical  as  the  combined  alternative  is  the  most  versatile 
of  those  considered. 


Ill 


8.2  General  Sensitivity  Study.  Three  additional  sets  of  evalua- 
tion ratings  were  calculated  for  three  additional  weighting  techniques 
in  the  same  way  that  the  additive  sensitivity  study  was  conducted.  A 
total  of  60  sensitivity  runs,  including  the  additive  nominal  reference 
were  made  for  the  analysis.  Tables  III-XIX  through  1II.-XXV  shows  the 
computational  results  from  the  processing.  These  results  contain  the 
final  ER  and  Rank  order  as  the  criterion  weighting  factors  were  varied, 
in  four  techniques. 


TABLE  II1-X1X 


ALTERNATIVE  EVALUATION  RATING  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
DEPLOYMENT  METHODS  MINIMUM  & MAXIMUM  WEIGHTING  FACTORS. 


TABLE  t U -XX 
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ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
PERFORMANCE  MINIMUM  & MAXIMUM  WEIGHTING  FACTORS. 
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A-  Digital 
B-  Analog 
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TABLE  lll-XXI 

ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
VERSATILITY  MINIMUM  S MAXIMUM  WEIGHTING  FACTORS. 
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TABLE  I I I -XX I I 


ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
DEVELOPMENT  SCHEDULE/RISK  MINIMUM  6 MAXIMUM  WEIGHTING  FACTORS. 
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TABLE  III-  XXIV 


ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
PHYSICAL  CHARACTERISTICS  MINIMUM  & MAXIMUM  WEIGHTING  FACTORS. 
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TABLE  I I I -XXV 
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ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR  ANALYTICAL  TECHNIQUES  USING 
COST  MINIHUM  & MAXIMUM  WEIGHTING  FACTORS. 
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The  relationship  among  the  evaluation  scores  for  each  alternative,  the 
nominal  weighting  factors  for  the  subcriteria  and  for  the  major  criteria 
is  as  shown  in  Table  III-XVII.  Table  III-XVI  additionally  includes  the 
maximum  and  minimum  values  for  the  major  criteria.  The  rankings  appearing 
on  Tables  III-XIX  through  III-XXV  were  summarized  and  are  displayed  below: 

CUMU1ATIVE  RANK  FREQUENCY  ALL  METHODS 

ALT  HQOE  MEAN  1ST  gNO  3F9' 

A 1 1.433  3?  H 5 

8 3 2.5*7  0 5 S5 

C ?.  1,650  21  3?  0 

ALTERNATIVE  KEY 

i 

A-  Digital 
B~  Analog 
C-  Combined 


This  Table  shows  that  digital  is  slightly  preferred  over  the  combined 
alternative.  Analog  is  definitely  the  least  preferred.  These  results 
support  the  conclusion  drawn  in  7.0.  Digital  and  combined  cannot  be 
distinguished,  but  are  both  preferred  over  analog.  Greater  insight  into 
the  results  can  be  determined  through  a more  detailed  examination  of  the 
scores  of  Table  III-XVII.  Deployment  methods  contribute  nothing  to  the 
decision  process  since  all  alternatives  are  rated  equally.  In  all  cate- 
gories except  versatility,  the  digital  alternative  is  scored  highest 
or  is  grouped  with  the  other  alternatives  at  the  high  end  of  the  scale. 
Because  of  this,  the  digital  alternative  receives  a high  weighted  score 
except  when  the  versatility  category  is  weighted  heavily  (Table  III-XXI) 
or  when  low  scores  are  emphasized  (multiplicative  weighting).  Attempts 
to  distinguish  between  the  digital  and  combined  alternatives  should 
concentrate  on  the  versatility  criteria.  With  a weight  of  .185  for  this 
criteria  and  a relative  score  of  1 for  the  digital  alternative,  digital  is 
slightly  preferred  over  combined.  If  the  weighting  is  increased  either 
by  raising  .185  or  by  emphasizing  the  low  score  of  1,  combined  is  preferred. 
Any  decision  should  be  based  on  a large  extent  on  versatility. 
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9.0  CONCLUSION 

An  all  digital  repeater  design  was  found  to  l*  ranked 

slightly  above  a combined  digital/analog^esign.  **  *he  requ^  ^ 

— SSSt - - - analysis. 

10.0  HKCO MMENDATION 

It  is  recommended  that  digital  only  repeater  types  be 
designed)  with  the  decision  on  dlgltal/anelog  combined  design 
on  the  requirement  to  transmit  analog  data. 


SECTION  IV 


ENGINEERING  ANALYSIS  3 - REPEATER  CONFIGURATION 


1 . 0 SUMMARY 

This  analysis  addresses  the  configuration  radio  of  repeaters  that  will 
be  used  in  the  REMBASS  Data  Transmission  Subsystem  (DTS) . The  alternatives  were 
evaluated  against  a specific  set  of  criteria;  physical  characteristics, 
versatility,  human  factors,  logistics,  schedule,  reliability,  and  cost. 

The  analysis  concluded  that  a single  configuration  with  common  electronics 
was  preferred. 

The  Data  Transmission  Team  reviewed  the  results  and  did  not  agree 
with  the  analysis.  The  team  recommended  that  a separate  configuration 
with  common  electronics  be  used  for  hand  and  air  delivered  repeaters. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems.  Many 
different  alternative  subsystem  designs  may  be  found  which  provide  the 
system  operational  and  functional  requirements  of  REMBASS  within  certain 
constraints.  In  order  to  determine  which  subsystem  alternative  provides 
the  best  choice,  alternatives  are  evaluated  and  analyzed  againat  common 
criteria  and  one  or  more  possible  alternatives  are  selected  as  candidates 
for  final  system  components.  This  report  addresses  those  criteria  which 
are  pertinent  to  the  selection  of  an  optimum  packaging  configuration  for 
the  Hand-Emplaced  (HERR)  and  Air-Delivered  (ADRR)  Radio  Repeaters  for 
the  DTS. 


3.0  STATEMENT  OF  THE  PROBLEM 

Data  for  REMBASS,  both  digital  and  analog,  must  be  transmitted  from 
distant  sensors  to  a readout  terminal.  In  some  cases,  iine-of-sight 
restrictions  or  extended  ranges  will  be  overcome  by  deployment  of  radio 
repeaters.  Radio  repeaters  will  be  either  HERR  or  ADRR  at  the  desired 
location.  ADRR  repeaters  must  be  capable  of  withstanding  severe  shock 
and  environmental  conditions  and  must  perform  in  a hostile  environment 
after  deployment. 

The  problem  addressed  in  this  analysis  is  to  determine  the  optimum 
packaging  configurations  for  the  REMBASS  HERR  and  ADRR  repeaters. 

4 . 0 ALTERNATIVES 

Four  alternative  packaging  techniques  will  be  analyzed  and  evaluated 
to  determine  which  technique  most  nearly  satisfies  the  REMBASS  requirements. 


These  are: 


a)  one  physical  configuration  and  standard  electronics  for 
all  repeaters; 

b)  'separate  configuration  and  common  electronics; 

c)  separate  configuration  and  unique  electronics;  and 

d)  one  configuration  and  unique  electronics. 

The  HERR  and  ADRR  repeaters  may  be  either  a digital  *>nly  repeater,  an 
analog  only  repeater,  or  an  analog  and  digital  combined  repeater.  The 
analog  only  repeater  and  the  combined  repeater  may  be  eitner  in-band  or 
out-of-band.  DTS  engineering  analysis  2 entitled  "Repeater  Types" 
defines  and  considers  the  different  data  to  be  relayed  and  the  frequency 
translation  technique  to  be  employed.  Except  as  noted  in  this  analysis, 
the  HERR  and  ADRR  radio  repeaters  are  capable  of  transmitting  digital 
or  in-band/out-of-band  analog  data.  It  is  further  assumed  that  LSI  or 
Hybrid  technology  will  be  used  for  the  electronics  to  the  maximum  extent 
practical.  Modular  units  can  either  contain  many  functions  in  one  module 
(i.e.,  transmitter,  decoder,  encoder,  syn-.hesizer , etc.)  or  only  one 
function  per  module.  The  batteries  can  be  either  lithium  or  alkaline  and 
are  designed  for  0°P  temperatures  and  60-day  life.  (Ref.  DDR&E  Report, 
March  1973). 

This  engineering  analysis  is  concerned  solely  with  HERR  and  ADRR 
repeaters  and  their  physical  and  electronic  configuration. 

4.1  One  Physical  Configuration  and  Standard  Electronics  for  All 
Repeaters  (t.enceforth  known  as  Alternative  A;  Same  Configuration  - 
Same  Electronics).  This  alternative  implies  that  the  same  physical 
package  configuration  would  be  used  for  both  HERR  and  ADRR  with  identical 
electrical  components  found  in  both,  because  of  the  more  stringent 
size  limitations  and  shock  requirements  for  the  ADRR,  the  configurations 
and  electronics  of  both  repeaters  must  be  designed  toward  the  worst 
case  ADRR.  The  unit  will  be  cylindrical  in  shape,  as  dictated  by  aero- 
dynamic requirements  imposed  by  air  delivery.  The  switches  and  controls 
will  either  be  inset  into  the  cylinder  face,  or  be  recessed  into  one 
end.  One  end  of  the  cylinder  will  contain  the  batteries  and  the  other 
will  house  the  electronics.  The  electronics  c.an  be  modular  units 
similar  to  the  present  Phase  III  Common  Modules  or  an  integrated  unit 
(See  engineering  analysis  DTS  4 entitled,  "Equipment  Construction 
Methods").  The  antenna  will  be  self-deployed  and  self-orienting 
to  the  vertical.  The  batteries  and  electronics  will  be  form-fitted 
for  insertion  into  a cylindrical  delivery  vehicle.  Directional  antennas 
will  not  be  used  because  self-aiming  is  Impractical  in  the  ADRR.  The 
unit  can  be  emplaced  on  the  ground  or  designed  to  hang  up  in  trees. 

Hybrid  or  LSI  miniaturization  will  be  required  to  meet  the  size  and 
weight  requirements  of  the  REMBASS  Material  Need  (MN) . 
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4.2  Separate  Configuration  and  Common  Electronics  (henceforth 
known  as  Alternative  B;  Different  Configuration  - Same  electronics). 

This  alternative  specifies  common  interchangeable  electronics  for  both 
the  HERR  and  ADRR  but  different  packaging  configurations.  The  common 
electronics  for  both  repeaters  must  be  capable  of  withstanding  severe 
shock  as  dictated  by  the  ADRR  requirements. 

4.2.1  ADRR.  Same  description  as  applies  to  Alternative  A,  4.1 
above. 

4.2.2  HERR.  The  HERR  will  use  the  same  electronics  as  the  ADRR 
but  may  be  configured  differently  for  emplacement  stability.  For 
example,  the  packaged  configuration  could  consist  of  two  short  cylinders 
connected  by  a flat  rectangular  strip  containing  the  operating  centrals 
and  switches  (a  configuration  like  the  existing  SEAOPSS  (DIRID) . A 
directional  antenna  may  be  used,  'f'he  cylinders  will  have  end  plates 
secured  by  screws  with  one  cylinder  used  for  electronics  and  another  for 
batteries.  The  package  does  not  have  to  stand  the  shock  associated  with 
air  delivery  and  the  antenna  self  orientation  and  erection  mechanism  may 
be  omitted.  Alternately,  the  HERR  could  also  be  made  of  two  boxes 
joined  to  form  a cubic  shape  (e.g.  EMTD  configuration).  The  upper 
portion  would  contain  the  electronic  modules  while  the  lower  case  would 
contain  the  battery.  A dust  cover  would  be  provided  for  the  electronic 
portion  of  the  box.  The  switches  would  be  located  on  top  of  the  box 

or  in3ide  and  a directional  antenna  could  be  used. 

4.3  Separate  Configuration  and  Unique  Electronics  (henceforth 
known  as  Alternative  C;  Different  Configuration  - Different  Electronics). 

The  electronics  and  packaging  configuration  are  both  unique  and 
will  be  optimized  depending  on  the  type  of  deployment.  The  electronics 
will  not  be  interchangeable  between  HERR  and  ADRR. 

4.3.1  ADRR.  Same  description  applies  as  to  Alternative  A,  4.1 
above . 

4.3  2 HERR.  The  unit  would  probably  be  cubic  or  a rectangular 
box  witu  the  lower  case  containing  the  form  fitted  battery  and  with 
the  upper  case  containing  the  electronics.  The  electronics  do  not  have 
to  meet  severe  shock  requirements  nor  do  they  have  to  be  extensively 
miniaturized.  The  electronics  may  be  placed  on  PC  plug-in  beards.  A 
dust  cover  will  be  provided  to  protect  the  boards.  All  knobs  and  switches 
may  be  on  the  top  of  the  package.  A directional  antenna  may  be  provided. 
Provisions  will  be  made  for  test  points  on  the  upper  case  (protected  from 
the  elements)  to  provide  for  rapid  trouble  shooting  of  the  electronics. 

Major  functions,  i.e.,  transmitter,  decoder,  encoder,  etc.,  can  be  placed 
on  separate  PC  boards.  Thus  repair  of  electronic  failure  would  require  only 
replacement  of  defective  boards. 
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4.4  One  Configuration  and  Unique  Electronics  (henceforth  known 
as  Alternative  D;  Same  Configuration  - Different  Electronics). 

In  this  alternative,  the  packaging  configuration  will  be  the  3ame 
for  both  air  and  hand  emplaced  repeaters;  however,  the  electronics 
would  be  unique.  Certain  mechanical  modules  necessary  for  antenna 
deployment  in  ADRR  will  not  be  found  in  HERR  and  the  components  need 
not  meet  all  air  delivery  shock  requirements. 

4.4.1  ADRR.  Same  description  as  Alternative  A,  4.1  above. 

4.4.2  HERR.  The  electronics  would  be  modules  which  would  fit 
into  a cylindrical  tube  (delivery  vehicle).  A directional  antenna 
may  be  affixed  to  the  tube  housing  using  a special  adapter.  Since 
a mechanical  module  would  not  be  needed  for  antenna  deployment,  the 
available  space  may  be  used  for  either  batteries  or  electronics. 

Special  care  would  have  to  be  taken  to  prevent  mix-up  and  interchanging 
of  modules  between  HERR  and  ADRR  since  both  would  fit  into  the  tube 
but  the  HERR  electronics  will  not  meet  air  delivery  shock  requirements. 
This  alternative  should  be  eliminated  from  further  consideration  because 
it  provides  no  advantage  technically  and  is  operationally  impose 'ble. 

5 . 0 CRITERIA 

The  criteria  which  will  be  used  in  the  comparative  evaluation  of 
the  alternatives  associated  with  this  engineering  analysis  are  defined 
in  this  section.  In  Section  6.0  each  alternative  is  evaluated  against 
these  criteria.  Then  each  alternative  is  ranked  against  other  alter- 
natives for  each  criterion  and  a relative  ranking  is  presented  for 
each  major  criterion.  This  data  will  be  used  in  Section  7.0  to  make 
p.  comparative  analysis  of  the  alternatives  to  determine  which  most 
nearly  meets  the  REMBASS  requirements. 

5.1  Deployment  Methods . The  REMBASS  MN  requires  that  repeaters 
be  emplaced  by  various  means.  How  these  requirement^  impact  the  design, 
construction,  etc.,  of  the  various  alternatives  will  be  considered. 

5.1.1  Hand-Emplacement . This  is  a method  of  deployment  which 
requires  foot  troops  to  carry  the  repeater  to  the  desired  installation 
location.  Size,  shape,  and  especially  weight  are  critical  factors  for 
this  criterion. 

5.1.2  Air-Drop  Emplacement.  This  method  implies  that  the  repeater 
may  be  emplaced  from  a fixed  wing  or  rotary  wing  aircraft.  The 
repeater  may  be  dispensed  by  hand,  from  a SUU-42  type  dispenser  or 

from  special  bomb  racks  such  as  the  PMBR. 
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5.2.  Physical  Characteristics. 


5.2.1  Size.  The  physical  dimensions  of  the  repeater  are  critical, 
not  only  for  hand  carrying  ability,  but  also  because  of  the  requirement 
to  drop  repeaters  from  available  aircraft  dispensers  such  as  the  SUU-42. 

5.2.2  Weight . The  constraint  on  weight  is  a significant  criterion 
for  hand-emp laced  sensors  and  is  limited  by  the  MN  to  25  lbs. 

5.2.3  Shape . Along  with  size,  this  parameter  is  critical  for 
hand-carrying  ability,  use  of  available  aircraft  dispensers  for  air  drop 
emplacements,  and  ease  of  being  serviced  and  repaired  by  personnel. 

5.3  Versatility.  This  is  the  extent  of  commonality  of  electronics 
and/or  packaging  configurations  between  HERR  and  ADRR. 

5.4  Human  Factors.  This  is  the  extent  of  man/equipment  interfacing 
which  would  include  ease  of  changing  batteries,  electronic  modules,  ID 
codes,  manipulating  switches,  and  emplacement  of  HERR. 

5.5  Logistics.  The  logistics  aspect  of  each  alternative  is  evaluated 
in  terms  of  the  maintenance  skills,  repair  parts, and  special  test  equip- 
ment required, 

5.5.1  Test  Equipment.  The  special  equipment  needed  to  properly 
support  a given  repeater  in  the  field. 

5.5.2  Repair  Parts.  The  number  of  unique  components  necessary  to 
support  a repeater  in  the  field  In  case  of  failure  or  malfunction. 

5.5.3  Maintenance  Skills.  The  special  technical  skills  required 
of  support  personnel  in  the  field. 

5.6  Development  Schedule/Risk.  Schedule  and  risk  are  related 
criteria  and  determine  the  extent  of  development  required  and  the  pro- 
bability of  successfully  acquiring  a particular  repeater  alternative. 

5.7  Spectrum  Utilization.  This  criteria  relates  to  the  effective- 
ness with  which  a particular  alternative  uses  the  assigned  frequency 
band.  It  is  related  to  the  number  of  relay  links  which  are  available, 
and  how  frequencies  must  be  assigned  to  repeaters. 

5.8  Energy  Requirements.  Since  the  repeaters  will  generally  be 
required  to  operate  from  batteries,  the  amount  of  power  and  energy  re- 
quired is  a significant  criterion  for  evaluating  alternatives.  Standby 
power  and  energy  per  message  are  measures  of  comparison. 


5.9  Reliability.  Mean-time-between-failure  for  equipment. 


5.10  Costs.  Costs  for  each  alternative  are  estimated  to  include 
all  costs  from  engineering  development,  initial  purchase, and  supply  of 
each  army  element  with  the  required  system  components,  to  the  continued 
resupply  of  equipments,  with  supporting  costs,  for  the  expected  life 
cycle  of  the  system. 

5.10.1  R&D  Costs.  This  is  the  cost  required  to  develop  and  test 
the  device  to  the  point  where  initial  production  may  begin.  Extending 
the  state-of-the-art  of  a required  capability  may  be  required  in  some 
cases.  Included  in  R&D  costs  are  non-recurring  investment  costs. 

5.10.2  Acquisition  Costs.  This  is  the  cost  required  to  procure 
and  stock  the  required  Army  elements  (division,  battalion,  etc.)  with 
the  equipment,  spare  parts,  software,  etc.,  for  an  Initial  operational 
capability.  Subsequent  costs  are  covered  under  life  cycle  support  costs. 

5.10.3  Life  Cycle  Support  Costs.  These  costs  are  required  for 
replacement  items,  support  personnel,  management,  transportation, and 
depot  maintenance. 

6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6 . 1 General. 

Field  experience  with  previous  sensors  indicates  that  a radio 
repeater  is  often  required  to  overcome  extended  ranges  and  terrain- 
imposed,  line-of-sight  restrictions  which  accompany  sensor  system 
deployment.  In  this  evaluation,  attention  will  be  directed  to  criteria 
which  impact  on  the  physical  and  elecLrical  configurations  for  HERR 
and  ADRR.  This  evaluation  will  not  concern  itself  with  ballistically  - 
emplaced  radio  repeaters. 

6.2  Physical  Characteristics.  MN  for  REMBASS  specifies  that 
the  weight  and  size  Of  the  radio  repeater  wi]l  not  exceed  25  lbs  and  1 
cubic  foot  respectively,  including  battery  and  antenna.  This  has  been 
interpreted  to  imply  worst  case  characteristics  for  hand  emplacement 
and  assumes  a single  channel  radio  repeater. 

6.2.1  Size.  Regardless  of  the  packaging  conf igurat i -ns,  all 
alternatives  meet  the  maximum  volume  specified  above  for  ERR.  As  for 
the  ADRR,  there  is  no  MN  requirement  to  specify  its  weight  and  volume 
requirements.  Its  only  restrictions  may  be  the  type  of  dispenser  to 
be  used  for  deployment. 
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6.2.2  Weight . Table  IV-I  is  a summary  of  required  electronic 
and  battery  weight  (using  LSI  technology)  estimates  taken  from  a CSTA 
Lab  report  entitled,  "Sensor  Radio  Relay, "-presented  to  ODDR&E,  Mar  73. 

A 60-day  battery  life  at  0°F  was  assumed.  To  these  figures  we  must 
add  11.6  to  15.1  lbs  (depending  on  housing  length)  for  the  weights  of 
the  housing  and  self-orientation  mechanism  (SOM)  for  antenna  deployment 
for  Alternative  A & D.  The  MN  weight  requirements  for  HERR  may  be 
exceeded  by  10  lbs  or  more  for  Alternative  A (same  electronics  - same 
configurations)  and  Alternative  D (same  configuration  - different  elec- 
tronics) if  alkaline  batteries  are  used.  The  MN  weight  requirements 
would  be  met  if  lithium  batteries  are  used.  Alternative  B (sa’-  lec- 
tronics  - different  configuration)  and  Alternative  C (differet  ectronics 
different  configuration)  are  expected  to  meet  the  MN  weigh!  requirements 
for  HERR  regardless  of  the  receiver  only  if  lithium  batteries  are  used. 

The  MN  weight  requirements  will  not  be  met  if  alkaline  batteries  are 
used  for  the  Analog  Only  In-Band  Receiver  case.  For  all  other  alkaline- 
receiver  combinations,  including  the  Analog  Only  Out-of-Band  Receiver, 
the  MN  requirements  will  probably  be  met. 

6.2.3  Shape . As  defined  in  4,1,  the  ADRR  will  probably  be 
cylindrically  shaped  since  present  aerial  dispensers  are  designed 
for  cylindrical  units.  The  HERR  could  be  cubic  or  dual  cylindrically 
configured  (as  per  4.2.2  or  4, 2. 2.1)  so  that  it  can  be  more  easily 
emplaced,  serviced, and  repaired  bv  personnel.  A cylindrical  package, 
mounted  on  a tripod,  need  not  be  ruled  out  for  the  HERR.  The  package 
shape  will  ultimately  be  determined  by  line  of  sight  deployment  require- 
ments (stability,  antenna  height,  etc).  Table  IV-II  indicates  ranking 
of  physical  characteristics  for  HERR. 
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REPEATER  weight  requirements 
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6.3  Versatility 
depend  on: 


The  versatility  of  the  various  alternatives  will 


a)  the  interchangeability  of  electronics  between  packaging 
configurations;  and 

b)  the  interchangeability  of  physical  package  configurations 
(i.e.,  use  the  same  package  for  both  ADRR  and  HERR).  Table  IV-III  indicates 
a relative  ranking  of  the  versatility  of  the  configurations. 

6.3.1  Alternative  A (Same  Configuration  - Same  Electronics).  Since 
the  physical  configuration  and  electronics  are  the  same  for  HERR  and  ADRR, 
the  equipment  is  very  versatile  and  can  be  used  for  any  mission. 

6.3.2  Alternative  B (Same  Electronics  - Different  Configuration). 
There  will  be  two  different  package  configurations;  one  for  ADRR  and  one 
for  HERR;  however,  both  use  the  same  electronics. 

6.3.3  Alternative  C (Different  Electronics  - Different  Configuration) . 
A different  package  and  electronics  will  be  used  depending  on  the  emplace- 
ment technique.  Thus,  the  electronics  and  package  are  not  interchangeable 
at  all. 

6.3.4  Alternative  D (Different  Electronics  - Same  Configuration) . 

The  packaging  in  this  case  is  the  same  regardless  of  emplacement  technique. 
However,  the  electronics  will  be  different  for  the  ADRR  and  HERR.  This 
design  can  be  used  for  all  types  of  radio  repeaters  and  batteries. 
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RATINGS  OF  ALTERNATIVES  VS  VERSATILITY  SUB-CRITERIA 
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6.4  Human  Factors.  In  evaluating  the  various  alternatives  for 
this  criterion,  the  subcriteria  previously  defined  are  used.  They  are  the 
case  of:  a)  changing  batteries;  h)  manipulating  switches;  c)  changing 

electronic  modules;  d)  changing  ID  codes;  and  e)  hand  carrying  and 
emplacing  HERR.  Each  alternative  will  be  discussed  and  a rating  will  be 
given  in  the  summary.  Table  IV-1V  indicates  a relative  ranking  of  con- 
figurations in  terms  of  human  factors. 

6.4.1  Alternative  A (Same  Configuration  - Same  Electronics) . 

Since  the  radio  repeater  is  designed  to  be  air  delivered,  and  assuming 
the  housing  to  be  cylindrically  shaped,  the  QN/OFF  switch  and  recovery 
code  switches  will  either  be  covered  by  the  end  plate  or  recessed  from 
the  end  to  prevent  damage.  Thus  the  switches  are  not  easily  accessible. 
Likewise,  removal  of  batteries  and  form  fitted  electronic  modules  may 

be  cumbersome  and  may  require  special  tools  in  order  to  open  the  housing. 

If  the  electronic  modules  themselves  are  covered  by  a removable  metal 
or  plastic  case,  the  oscillator  crystals  must  be  located  near  the  ends 
of  the  modules  for  easy  access.  Once  the  electronic  modules  are  removed 
from  the  delivery  package,  there  is  no  problem  of  access  to  the  crystal. . 
Carrying  the  25  lb  repeater  does  not  appear  to  pose  a major  problem. 

A shoulder  strap  can  be  used  to  help  carry  the  unit. 

6.4.2  Alternative  B (Different  Configuration  - Same  Electronics), 

For  the  ADRR;  6.4.1  applies.  For  the  HERR  as  per  4.2.2,  the  package 
configuration  may  consist  of  two  short  cylinders  (like  the  DIRID),  con- 
nected by  a flat  rectangular  strip  which  will  contain  all  the  ON/OFF, 
arm  and  recovery  code  switches.  One  cylinder  would  contain  the  form 
fitted  batteries  while  the  other  would  house  the  electronic  modules. 

The  batteries  and  electronic  modules  would  be  secured  by  end  plates  held 
in  place  by  3 screws.  The  only  problem  may  be  dirt  in  the  screw  threads. 

The  ON/OFF  recovery  switches  would  be  externally  accessible.  The  unit 
would  be  smaller  and  lighter  than  the  ADRR  as  a result  of  eliminating 
the  automatic  antenna  deployment  mechanism  and  therefore  be  easier  to 
carry.  The  ease  of  changing  frequencies,  and  crystals  will  be  similar 

to  that  found  in  6.4.1. 

6.4.3  Alternative  C (Different  Configuration  - Different  Electronics) . 
For  the  ADRR;  6.4.1  applies.  For  HERR  configuration,  the  batteries  are 
easily  accessible  in  the  lower  case  and  require  no  tools  for  replacement. 

The  electronics  would  require  the  removal  of  set  screws  in  order  to  remove 
the  PC  boards.  Once  the  case  is  opened,  crystals  can  be  replaced.  All 
switches  will  be  external  to  the  unit  and  easily  accessible.  The  unit 
would  be  mechanically  stable  for  ground  installation  and  optimum  for  man- 
pack.  An  output  plug  could  be  provided  as  the  base  of  the  electronics 

case  to  permit  rapid  checkout  of  the  entire  repeater. 

6.4.4  Alternative  D (Same  Configuration  - Different  Electronics) » 

6.4.1  is  applicable  for  this  case  with  the  added  problem  of  module  nix-  x> 
between  ADRR  & HERR  since  both  types  would  fit  into  the  container. 
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6.5  Logistics.  For  the  four  configurations  presented,  the 
alternative  finally  chosen  will  have  significant  impact  upon  logistice. 

The  logistical  levels  considered  will  be  Operator/Organization,  Direct 
Support,  General  Support^and  Depot.  Table  IV-V  is  a relative  rating 
for  the  various  parameters  concerning  logistics. 

6.5.1  Test  Equipment  Required.  At  the  operr tor/crew  level  the 
test  equipment  required  would  be  the  same  regardless  of  the  configuration 
and  electronic  modules  used  since  only  Go/No-Go  tests  would  be  conducted. 

For  higher  support  levels,  the  choice  of  configurations  has  an  impact 

on  interface  equipment  required  for  testing  electronics. 

6 . 5 . 1 . 1 Alternative  A (Common  Electronics  - Common  Configurations) . 

Test  equipment  required  for  this  configuration  would  be  minimal.  For  the 
various  electronic  modules,  a stack  tester  would  be  provided  at  both 

the  Direct  Support  and  General  Support  levels  to  determine  inoperable 
modules.  (A  stack  tester  would  perform  electrical  measurements  for  a 
given  module  and  would  indicate  the  general  fault  of  that  module).  The 
depot  would  have  a more  detailed  procedure  for  fault  isolation  using 
computer  controlled  test  equipment. 

6 . 5 . 1 . 2 Alternative  B (Common  Electronics  - Different  Configurations) . 
Test  equipment  required  for  this  configuration  would  again  be  minimal 
because  of  the  common  electronics.  Once  again  a stack  tester  would  be 
provided  for  Direct  Support  and  General  Support  levels.  At  the  Depot 

level,  an  additional  interface  may  have  to  be  developed  so  that  computer 
controlled  test  equipment  could  make  detailed  measurements  on  the  HERR. 

The  same  program  and  test  equipment  would  be  used  for  both  HERR  & ADRR 
units. 

6. 5.1. 3 Alternative  C (Different  Electronics  - Different  Configu- 
rations) . Since  the  electronics  are  unique  and  some  electrical  parameters 
may  be  different  (e . ; . . crystal  stability),  it  is  envisioned  that  one  computer 
controlled  test  set  up  with  two  different  programs,  tolerances,  and  inter- 
face equipment  would  be  required  at  the  Depot  level.  At  the  Direct  Support 
and  General  Support  levels,  there  may  be  some  modifications  of  interface 
equipment  so  that  the  same  stack  testers  may  be  used  for  both  the  HERR  & 

ADRR. 

6. 5. 1.4  Alternative  D (Same  Configuration  - Different  Electronics). 

Same  test  equipment  as  for  Alternative  C.  Table  IV-V  is  a relative  ranking 
of  test  equipment  required  to  maintain  units. 

6.5.2  Repair  Parts  Required.  The  various  alternatives  require 
different  amounts  of  repair  parts  and  replacement  parts  to  be  stocked. 

The  final  alternative  chosen  will  have  significant  impact  on  the  various 
types  and  number  of  parts  stocked. 


136 


6. 5 . 2. 1  Alternative  A (Same  Configuration  - Same  Electronics) . 

In  this  case,  the  least  number  of  parts  will  be  stocked.  Since  ail  the 
packages  and  electronics  are  the  same,  no  duplicate  inventories  would 
be  maintained. 


6. 5. 2. 2 Alternative  B (Same  Electronics  - Different  Configuration). 
For  this  alternative,  the  number  of  electronic  parts  stocked  is  the  same 
as  for  Alternative  A;  however,  more  mechanical  components  (switches,  cases 
etc.)  and  antennas  will  have  to  be  stored  because  of  the  two  different 
package  configurations. 

6. 5. 2. 3 Alternative  C (Different  Configuration  - Different  Elec- 
tronics) . Since  all  the  parts  are  different  and  non-interchangeable,  a 
dual  inventory  system  would  be  maintained.  This  alternative  would  require 
the  greatest  number  of  different  parts  to  be  stocked  in  that  electronics, 
batteries,  antennas  and  various  mechanical  parts  (switches,  cases)  are 
completely  different  for  the  HERR  and  the  ADRR. 

6 . 5 . 2 . 4 Alternative  D (Same  Configuration  ~ Different  Electronics) . 
This  alternative  requires  that  dual  electronics  and  antenna  be  stocked, 
while  mechanical  devices  would  be  kept  to  a minimum.  This  alternative 
requires  slightly  fewer  parts  than  Alternative  C,  since  the  mechanical 
parts  and  configurations  are  the  same  for  the  HERR  and  ADRR.  Presented 

in  Table  IV-V  is  a relative  ranking  of  repair  parte  required  for  the 
alternatives. 

6.5.3  Maintenance  Skills  Required.  The  maintenance  skills  required 
In  the  knowledge  concerning  the  electronic  and  mechanical  design  required 
to  maintain  and  repair  the  equipment  is  prc  *ented  only  as  a relative 
comparison  among  the  alternatives  and  is  not  meant  as  a definition  for 
the  level  of  skill  required  to  maintain  the  equipment.  The  operating  and 
maintenance  skills  required  at  the  Operator  level  would  be  the  same 
regardless  of  alternatives  and  thus  are  not  discussed.  At  the  Direct 
Support,  General  Support  and  Depot  levels,  the  relative  skills  required 
will  depend  on  the  alternatives  chosen. 

6. 5. 3.1  Alternative  A (Same  Electronics  - Same  Configurations). 
Relatively  speaking,  this  alternative  would  require  the  least  amount 
of  skill  since  there  is  only  one  electronic  and  mechanical  system  to 
master . 

6 . 5 . 3 . 2 Alternative  B (Same  Electronics  - Different  Configurations) 
For  this  alternative,  only  a slightly  higher  amount  of  skill  is  required 
than  Alternative  A.  Operations  of  two  different  types  of  packages  would 
have  to  be  learned^ however,  the  electronics  would  still  be  the  same  for 
both  configurations. 
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6 . *i . 3.3  Alternative  C (Different  Electronics  - Different  Configu- 
rations ) . For  this  alternative,  two  differenct  packages  and  two  slightly 
different  electronic  systems  are  used.  More  training  would  be  required 
in  learning  c'ne  differences  involved  with  regard  to  interface  equipment, 
packaging,  and  electrical  parameters  than  for  Alternatives  A and  B. 

Thus  in  relative  terms  more  skill  is  required  in  maintaining  equipment  of 
this  alternative. 

6. 5. 3. 4 Alternative  E (Sate  Configuration  - Different  Electronics). 
This  alternative  would  require  about  the  same  level  of  skill  as  Alternative 
C.  A relative  rating  for  the  various  skill  and  training  needs  to  repair 
equipment  is  presented  in  Table  IV-V. 


138 


W- 


w 

o 

z 

i 

vJ 

0 

»J 

H 

W 

S 

US 

M 

W 

O H 
•!'  <tf 

r-H  O 

0)  *H  H 

d o 

<U  t«  4J 

a js  w 
o o d 


C!  a)  u 

■U  vj  § 
u 9 u 
<9  G W 
<S)  d !*, 
►J  4J  w 


0)  > 

03 

4) 

>> 

d 

03 

C/j 

o 

5 

U 

r-< 

d 19 
>-i  d 4)  o 
d o « -w 
o u w d 

4J  « (3 

a)  o a a 

M 4J  O 
<3  H O 4} 
?!  4J  4J  a 


o 

tH 

a 

o 

0) 

M 

4J 

4J 

03  «H 

a 

3 ^ 

0) 

a a 

rH 

•H 

(D 

o g 

u aj 

O 

w a 

u 

a 03  0 

S s 8 

03 

4J  +J 

M 

0)  03  03 

o 

^ a 

s 

03  O CO 

5 i 


4) 

^3 

d 

o 

03 

O 

*d 

V-( 

O 

o 

3-i 

• 

■U 

-G 

4) 

O 

0) 

y 

03 

03 

d 

vH 

3 

•H 

03 

03 

W> 

4-4 

G 

U 

O 

03 

TO 

-U 

O 

03 

0) 

TO 

XI 

03 

P< 

i a i 

t-l  4)  d 

a)  u a) 

4-4  0)  4-1 
4-4  >-,4-1 

•H  (0  1-4 


o)  4j  a)  m 

> u > iZ 

C9  y <9  U 
d ■(  d rt 
4)  B. 

O 

W +J  W 4-1 

O d r-)  d 
X <D  4) 


« 

d 

• 

3 

03 

u 

00 

y 

03  TO 

44 

0 ^ 

44 

3 u 

9-i 

4-»  cfl 

93 

03  CX 

O 

03  0) 

G 

44 

3 ° 

tn 

t9 

O rH 

jd 

g a 

4J  O 

y 

o 

S4 

o 

03  U 
p-j  to 

E 

*'  Xl 

*- 

03 

AS 

O 

p 

O 

TO 

03 

4-4 

c 

5-4 

♦f 

CJ 

03 

« 

0 

4J 

•d 

o 

a 

03 

4- 

•u 

*r-i 

"TO 

e 

0- 

OJ 

5-4 

o 

03 

fc 

03 

ti 

p-  <J 

1 -r 

03 

4J 

= 

03 

• 

n 

Cr*  +J 

03 

03 

a 

03 

0 

pH 

(X 

4- 

U 

3 

*H 

V 

TO 

TJ 

3 

0 

U 

O 

a< 

E~ 

C/3 

0 

03 

r-i 

§ 

■U 

4J 

o a 4J 
? -h  d 
y o 

C3 

0 1 

G 

U5 

• H 

0)  1 

03 

•a  6 JS 

0 

0 j 

0 

4)  53  o 

P- 

Ph 

a)  u y 

u 

•H 

•H 

d Md 

C 

P 

G 

o o 

03 

a" 

cr 

ts  d 

0 

03 

03 

ig  C4  O 

• 

PH 

• 

S3  « 

03 

•H 

0)  TJ 

03 

4-1 

0) 

r3 

O 03 

a 

d m 

'J 

cr 

to  d 

a} 

• y y 

G 

03 

4-4  03 

4-4 

9 4 4J 

oj 

5-4  a) 

U 

ai  y d 

M 

4J 

o)  a 

03 

9 m a 

03 

03 

u 

U 

y 44  s 

01 

G 03 

G 

4)  T-l  o 

O 

H 

M XI 

M 

490 

u 

O 

d 

u 

1* 

G 

u 

u 

O 

d 

03 

03 

TJ 

a 

i 

03 

TO 

0 

64 

03 

5-4 

y 

•H 

d 

00  x: 

3 

O 

O 

cr 

U 

03 

G 

r , 

0 

* 

a 

+-> 

03 

03 

4-J 

03 

O 

G 

M 

O 

cO 

• 

03 

y 

c 

44 

d 

5-4 

4J 

0J 

5-4 

03 

0) 

d 

M 

y 

T) 

4-4 

Pa 

y 

4J 

y 

4-4 

a 

rrl 

d 

03 

O 

0 1 

M 

d 

O 

V 

i i 


6.6  Scheduie/Ri8k.  This  section  analyzes  the  schedule,  packaging, 
and  electronics  risk  associated  with  the  deployment  method.  This  analysis 
is  not  concerned  with  the  delivery  techniques  or  the  delivery  package. 

The  ADRR  inherently  has  a greater  risk  factor  than  the  HERR  because 
the  unit  must  survive  a more  severe  environment  and  the  relative  uncertainty 
in  relay  placement.  The  major  areas  effecting  risk  and  therefore  schedule 
for  the  ADRR  would  be  as  follows: 

a)  Thu  implication  for  some  form  of  large-scale  integration 
(LSI)  technology  in  order  to  remain  within  the  size  constraints  associated 
with  this  devel ipment; 

b)  Antenna  ruggedness  and  deployment; 

c)  Development  and  testing  of  crystals  capable  of  withstanding 
shock  (while  a temperature  compensated,  voltage  controlled,  crystal 
oscillator  (TCVCXO)  module  being  developed  by  the  ET&D  Lab  for  the 
COMM/ADP  REMBASS  Synthesizer  has  not  yet  been  shock-tested.  There  is 
high  confidence  that  with  a properly  oriented  crystal  (the  square  plane 
is  aligned  with  the  shock  axia),  the  crystal  will  survive  a shock  of 
15,000  G,  6 msec  in  duration;  and 

d)  The  ADRR  in  general  will  tend  to  represent  a more  complex 
mechanical  design  than  the  HERR  because  of  the  antenna  erection  mechanisms 
and  the  need  for  a stable  aerodynamic  trajectory.  With  these  considerations 
in  mind,  the  worst  case  applications  would  be  ADRR  In-Bank  analog  only 
repeater  and  the  combined  repeater  in-band  operation  requires  the  use  of 
larger  and  more  complex  filters  in  order  to  obtain  isolation  between 
transmitter  and  receiver.  However,  out-of-band  repeaters  involve  simpler 
designs  since  the  receive  and  transmit  frequencies  are  separated  by  at 
least  an  octave.  Besides  requiring  more  space  in  the  delivery  vehicle, 

the  in-band  filters  represent  a greater  development  risk  because  they 
are  more  susceptible  to  failure  due  to  shock. 

6.6.1  Alternative  A (Same  Package  - Same  Electronics).  Since  the 
el- -chronics  must  meet  the  worst  case  configuration  (air  deployed),  risk 
is  considered  to  be  medium  to  high.  Since  previous  units  have  been  air 
dropped,  the  packaging  is  considered  to  be  of  low  risk.  Howeverj  the 
delivery  vehicle  and  antenna  erection  mechanism,  which  are  not  treated 
here,  are  of  considerable  concern. 

6.6.2  Alternative  B (Same  Electronics  - Different  Configuration) . 
Since  the  electronics  must  meet  the  worst-case  configuration  (air 
deployed),  risk  is  medium  to  high.  For  the  HERR,  packaging  configuration 
is  considered  to  be  of  little  or  no  risk  with  a lead  time  of  6 months. 

For  the  ADRR,  package  configuration  is  considered  to  be  of  low  risk. 
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I 6.6.3  Alternative  C (Different  Electronics  - Different  Package 

jt  i Configuration) . For  the  HERR,  packaging  is  considered  to  be  of  no  risk; 

the  electronics  development  risk  is  also  considered  to  be  of  no  risk. 


For  the  ADRR,  packaging  is  considered  to  be  of  low  risk.  Because 
of  the  shock  environment  and  the  volume  constraints  placed  upon  the 
ADRR  the  development  of  the  electronics  is  considered  to  be  of  medium 
to  high  risk. 

6.6.4  Alternative  D (Same  Package  - Different  Electronics).  The 
package  to  be  used  for  both  ADRR  and  HERR  is  considered  to  be  a low 
risk  since  previous  work  has  been  done  in  Phase  III.  For  the  HERR, 
the  electronics  development  would  be  considered  to  be  low  risk.  For 
the  ADRR,  the  electronics  development  would  be  considered  of  medium 
to  high  risk.  Table  IV-VI  is  a summary  matrix  with  the  levels  of  risk 
indicated  for  each  alternative. 


TABLE  IV-VI 

RISK  ASSOCIATED  WITH  ALTERNATIVE  CONFIGURATIONS 
VS  DEPLOYMENT  METHOD 


ALTERNATIVE 

RISK  LEVEL 

HERR 

ADRR 

RATING 

Package 

Low 

Low 

10/10 

A 

Electronics 

Medium- 

Medium- 

5/5 

High 

High 

Package 

Low 

Low 

10/10 

B 

Electronics 

Medium- 

Medium- 

5/5 

High 

Low 

Package 

Low 

Low 

10/10 

C 

Electronics 

Low 

Medium- 

High 

10/5 

Package 

Low 

Low 

10/10 

D 

Electronics 

Low 

Medium- 

High 

10/5 
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6.7  Spectrum  Utilization  & Number  of  Channels.  Physical  configu- 


rations will  not  effect  spectrum  utilization  or  the  number  of  channels 
available. 

6.8  Energy  Requirements.  If  lithium  batteries  and  COSMOS  logic 
are  used  then  there  appears  to  be  little  problem  in  providing  the  power 
required  within  the  space  and  weight  constraints  and  of  providing  the 
required  battery  life.  However , because  of  its  weight  and  size  alkaline 

batteries  may  not  meet  MN  requirements  (see  6.2.2  Weight)  under  certain 
repeater  configurations. 

6.9  Reliability.  Reliability  of  equipment  is  directly  related  to  the 
number  of  components,  quality  of  components,  heat  generation,  and  severity 

of  the  environment  in  which  the  repeater  is  used.  Using  the  past  performance 
of  Phase  III  common  modules  as  a guide  for  HERR  electronics,  high  relia- 
bility levels  can  be  expected  for  all  alternatives.  For  ADRR,  additional 
reliability  problems  arise?  however  they  will  not  be  considered  since 
they  concern  deployment  rather  than  electronic  operation.  These  include 
antenna  deployment,  repeater  location,  severe  shock  environments  on  crystals, 
and  the  fact  that  larger  modules  will  need  greater  support  from  vibrations. 
Listed  in  Table  1V-VII  are  reliability  ranking  for  electronics.  Since 
the  ADRR  will  be  built  toward  higher  standards,  their  electronics  will 
consequently  have  the  highest  reliability. 

TABLE  IV-VII 

RELATIVE  RELIABILITY  FOR  THE  VARIOUS  ALTERNATIVES 


ALTERNATIVE 


RELATIVE  RELIABILITY 

RATING 



Air 

- Highest 

10 

Hand 

- Highest 

10 

Air 

- High 

8 

Hand 

- High 

8 

Air 

- Highest 

10 

Hand 

- High 

8 

Air 

- High 

8 

Hand 

- High 

8 

6.10  Costs . While  the  choice  of  a particular  technique  will  be  of 
considerable  importance  to  the  repeater  cost,  this  analysis  will  consider 
those  costs  associated  with  the  packaging  and  electronic  configurations. 

6.10.1  Research  And  Development  Costs.  R&D  costs  are  dependent  on 
the  level  of  effort  required  on  any  individual  item  and  also  on  the 
variations  or  types  of  items  to  be  developed.  Costs  are  based  on  the 
information  provided  in  the  REMBASS  "Baseline  Cost  Estimate"  (BCE),  dated 
Feb  73.  The  quantity  breakout  for  13  ivision  force  has  been  modified 
to  eliminate  ballistically  emplaced  repeaters.  The  quantity  reduced  has 
been  apportioned  to  the  other  type  of  repeaters  shown. 

Number  of  Required  Repeaters: 

57  per  division 
XI 3 divisions 
741 

+20%  for  training  and  pipeline 
889  total  rounded  to  900 

Of  900  radio  repeaters  required,  600  would  be  HERR  and  300  would  be 
ADRR.  They  are  further  broken  down  intthe  BCE  as  follows: 

HEDSCRR  325 
HEADSCRR  163  HERR 

HEMCRR  112 
(Hand  - 
emplaced 
Multi- 
channel RR) 

AEDSCRR  200  ADRR 

AEADSCRR  100 

TOTAL  900 

Figures  V-3/20,  3/21,  3/22,  3/23  in  the  BCE  break  out  for  R&D  Investment/ 
Non-Recurring  and  Recurring  Investment  (both  in-house  and  contract)  for 
the  13  division  force.  Since  the  HEMCRR  will  be  built  as  a separate  item 
(see  engineering  analysis  6,  entitled,  "Number  of  Channels  for  Repeater") 
and  since  the  same  number  of  HEMCRR  will  be  built  regardless  of  the  packa- 
ging technique  used,  the  cost  figures  for  the  HEMCRR  have  been  excluded. 
Using  the  REMBASS  BCE  as  a guide,  shown  in  Table  IV-VIII  is  a list  of  the 
quantities  of  each  type  of  repeater  required  for  13  d 'visions  for  the 
alternative  packaging  techniques  used.  As  can  be  seui,  the  alternatives 
can  be  combined  into  two  groups;  Alternatives  A and  B can  be  combined  as 
can  Alternatives  C and  D.  The  grouping  of  Alternatives  A and  B into  a 
single  category  can  be  made  since  most  of  the  research  and  development 
cos ts  will  go  into  the  electronics  rather  than  for  developing  the  case. 


All  cost  comparisons  in  this  analysis  will  be  based  on  the  number  and 
type  of  repeaters  required  for  each  alternative  as  shown  in  Table  IV-VIII, 
The  R&D  cost  comparison  for  the  various  alternatives  is  shown  in  Table 
IV-IX.  Note  that  the  R&D  costs  include  non-recurring  investment  costs. 

The  R&D  cost  is  much  larger  for  alternatives  C and  D by  about  3.4  million, 
than  for  Alternatives  A and  B.  The  larger  cost  is  primarily  due  to 
the  cost  of  developing  additional  types  of  repeaters  required  in  Alterna- 
tive C and  D. 


TABLE  IV  - VIII 

ELECTRONIC  QUANTITY  AND  TYPE  OF  REPEATER 
REQUIRED  FOR  EACH  ALTERNATIVE 


Radio  Repeater 
Type 

ALTERNATIVES 

A 

C 

D 

HEDSCRR 

* 

* 

325 

325 

HEADSCRR 

* 

* 

163 

163 

AEDSCRR 

525 

525 

200 

200 

AEADSCRR 

263 

263 

100 

100 

H EMC  RE. 

112 

112 

112 

112 

TOTAL 

900 

900 

900 

...  v ■ « 

900 

*Electronics  are  the  same  as  for  Air  Dropped  Repeaters, 
therefore  we  will  have  no  HERR  from  the  Electronics 
point  of  view  for  Alternatives  A & B. 
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6.10.2  Life  Cycle  Support  Costs  - Life  Cycle  Support  Costs 

consists  of  the  following:  Crew  and  Maintenance  Personnel,  Consump- 

tion/Replacement, Integrated  Logistic  Support  (ILS),  Transportation, 
and  Depot  Maintenance.  Table  IV-IX  is  a summary  of  the  various  costs 
that  comprise  Life  Cycle  Support  Costs  for  a 10  year  Life  Cycle,  13 
division  power.  The  source  of  these  data  is  the  REMBASS  Work  Break 
down  Structure  // 1.  Baseline  Cost  Estimates. 

Initially,  the  fact  that  Alternatives  C & D are  less  expensive 
than  Alternatives  A & B appears  to  be  inconsistent  with  the  fact  that 
Alternatives  C & D require  more  types  of  repeaters  and  hence  should  have 
greater  costs.  Alternatives  A & B have  higher  life  cycle  support  costs 
because  Alternatives  A & B are  comprised  primarily  of  air-delivered 
repeaters  which  have  a .higher  per-item  cost.  (Although  the  number  of  a.ir 
and  hand  delivered  units  is  the  same  regardless  of  alternative,  the 
electronics  for  Alternatives  A & B will  meet  the  more  rigid  and  costlier 
air  dropped  requirements  and  therefore  can  be  said  to  be  primarily  com- 
posed of  air  delivered  repeaters.)  The  Life  Cycle  Support  Costs  for 
the  Alternatives  C & D would  cost  less  by  approximately  2.3  million  as 
compared  to  Alternatives  A & B. 

6.10.3  Acquisition  Cost  - As  indicated  in  Annex  B of  BCE,  the 

acquisition  costs  represent  the  following:  Hardware,  Spare  and  Repair 

Parts,  Training,  Production  Engineering  and  PMO.  Table  IV-  X is  a 
summary  of  acquisition  costs  for  the  various  alternatives.  Alternatives 
C and  D are  about  $600K  less  than  Alternatives  A and  B.  The  lower 
acquisition  cost  figure  for  Alternatives  C & D is  due  primarily  to  the 
lower  unit  cost  for  hand  emplaced  repeaters. 

Table  IV-  X is  a summary  of  ali  the  costs  along  with  their  relative 
and  final  ratings. 
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(1)  Does  not  include  costs  fcr  112  HEMCRR  (Hand  Emplaced  Multi  Channel  Radio  Repeaters) 


NOTE:  Final  rating  for  a given  alternative  is  to  be  determined  by  combining  ratings 

for  hand  and  air  emplaced  categories. 


7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  III,  paragraph  7.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this 
section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  presented 
in  Section  III  paragraph  7.1  apply  equally  to  this  section  except  that 

the  basic  data  presented  in  this  section  are  applicable.  The  nominal, 
maximum,  and  minimum  values  of  the  weighting  Factors  used  are  given  in 
Table  IV-XII. 

Table  IV-XIII  lists  the  evaluation  scores  for  each  alternative  and 
evaluation  criterion,  together  with  the  weighting  factor  for  each  evalua- 
tion criterion.  The  evaluation  scores  in  this  table  are  accurate  to  two 
significant  figures.  The  last  line  is  the  evaluation  rating  or  weighted 
score  for  each  alternative.  Note  that  Table  IV-XIII  is  somewhat  different 
from  Table  IV-XII.  The  criteria  are  listed  in  a different  order  on  Table 
IV-XII  which  has  no  impact  on  the  results.  The  Spectrum  Utilization  and 
Energy  Requirements  criteria  were  eliminated  from  Table  IV-XIII  as  they 
are  major  criteria  that  do  not  have  any  impact  on  differentiating  between 
alternatives.  They  can  be  eliminated  from  the  analysis  without  changing 
the  results.  The  evaluation  scores  for  the  Hand  and  Air  versions  of  each 
alternative  were  averaged  to  produce  one  evaluation  score  for  each  alter- 
native under  each  criterion. 
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To  illustrate  how  each  value  listed  in  the  evaluation  rating  line  was 
obtained,  a sample  calculation  for  one  of  the  alternatives  using  additive 
weighting  is  presented.  Consider  Alternative  A of  Table  IV-XIII.  The 
weighting  factor  for  Physical  Characteristics  - Size  (.3275)  and  the  relative 
score  for  Size  (9)  were  multiplied.  Similar  products  were  formed  for  Weight 
and  Shape.  The  resultant  products  were  added  and  the  Bum  multiplied  by  the 
Physical  Characteristics  weight  (.1380)  producing  the  overall  Physical 
Characteristics  weighted  score.  Similar  calculations  were  performed  for 
each  of  the  other  major  criteria.  The  major  criterion  overall  weighted 
scores  were  added  with  the  sum  appearing  in  the  last  column  under  evaluation 
rating.  That  is  the  total  weighted  score  for  Alternative  A using  the  additive 
weighting  technique. 


The  calculations  desciibed  above  are  given  below  for  illustrative 
purposes : 

9.14  = [.1380]  [ (.3275) (9)  + (.3575)(10)  + ( . 3200)  (9> ] 

+ [.1414]  [10] 

+ [ . 1010]  [7.8] 

+ [.1178]  [(.3325)  (10)  + (. 3700) (10  + (.2975)(10)] 

+ [.1044]  [7.5] 

+ [.1987]  [10] 

+ [.1987]  [ (. 2625) (10)  + <.4375) (8)  + (.3000) (8)] 


This  initial  analysis  results  in  the  following  preference  listing  of 
alternatives . 


RANK 


ALTERNATIVE 


EVALUATION  RATING 


1 ONE  CONFIGURATION  - STANDARD  ELECTRONICS  9.14 

2 SEPARATE  CONFIGURATION  - COMMON  ELECTRONICS  8.37 

3 ONE  CONFIGURATION  - UNIQUE  ELECTRONICS  8.03 

4 SEPARATE  CONFIGURATION  - UNIQUE  ELECTRONICS  8.07 
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TABLE  IV  - XII 
WEIGHTING  FACTORS 


NOMINAL 
HEIGHT 
'MAJOR  $UB 
fJtTOR  ..  PACTS* 


WEIGHT 

R'A-Ntf 

MIN-  MAX-' 

TMtJW  1 MJM 


» 

k 

PHYSICAL 

1 Size 

2 Weight 
•3  Shape 

1380 

*•3275 

,3575 

,3ZGflr 

.0909 

,289« 

JT 

versatility  « 

,14U 

.0875 

, ?76 1 

I T t 

HUMAN  FACTO*? 

*iov« 

*0539 

.,1582’ 

IV 

LOGISTICS 

. 1176 

.332* 

,3700 

,2975 

.0539 

,2020 

1 Test  Equipment 

2 Repair  Parts 

3 Maintenance  Skills 

V. 

SCHEDULE 

*10«« 

*9808 

*2357 

V7 

reliability 

vm* 

*1178 

*3872 

V T I 

cost 

.1987 

.'1347 

.3387 

1 R t D 

2 \cquistion 

3 support 

.'<1375 

,5000 
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TABLE  IV-XII1 
EVALUATION  SCORES 


CRITERIA 


ALTERNATIVES 


' l 


(■ 

t 

t 


! 


I ; 


I.  PHYSICAL  CHARACTERISTICS  (.1380) 

1.  Slice  (.3275) 

2.  Weight  (.3575) 

3.  Shape  (.3200) 

III.  VERSATILITY  (.1414) 

III.  HUMAN  FACTORS  (.1010) 

IV.  LOGISTICS  (.1178) 

1.  Teat  Equipment  (.3325) 

2.  Repair  Parts  (.3700) 

3.  Maintenance  Skills  (.2975) 

V.  SCHEDULE  (.1044) 

VI.  RELIABILITY  (.1987) 

VII.  COST  (.1987) 

1.  R&D  (.2825) 

2.  Acquisition  (.4375) 

3.  Support  (.3000) 

EVALUATION  RATING 


9 

10 

9 

10 

7.8 

10 
10 
10 

7.5 

10 


10 

8 

8 


9 

10 

10 


7.5 

8.8 

9 

8 

9 

7.5 

8 


10 

8 

8 


10 

10 

9 


5 

8.9 

5 

4 

5 

8.8 

9 


7 

10 

10 


9 

10 

9 


7.5 

7.5 

5 

6 
5 

8.8 

8 


7 

10 

10 


9.14 


8.37 


8.03 


8.07 


ALTERNATIVE  KEY 

A.  ONE  CONFIGURATION  - STANDARD  ELECTRONICS 

B.  SEPARATE  CONFIGURATION  “ COMMON  ELECTRONICS 

C.  SEPARATE  CONFIGURATION  - UNIQUE  ELECTRONICS 

D.  ONE  CONFIGURATION  - UNIQUE  ELECTRONICS 
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7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable. 

The  resultant  evaluation  scores  and  their  ranks,  based  on  nominal 
values,  derived  by  each  of  the  four  analytical  techniques  are  shown  in 
Table  IV-XIV. 

7.3  Comparison  of  Results  - Nominal  Values . From  Table  IV-XIV  the 
One  Configuration  - Standard  Electronics  alternative  is  clearly  ranked 
first.  The  Separate  Configuration  - Standard  Electronics  alternative 
appears  to  be  second  although  it  does  rank  third  in  the  Logarithmic  case. 

The  two  unique  alternatives  are  least  preferred  and  sometimes  change  ranks. 


TABLE  IV-XIV 

ALTERNATIVE  EVALUATION  RATINGS  FOR  THE  FOUR 
ANALYTICAL  TECHNIQUES  USING  NOMINAL  VALUES 


Al  T£R. 
N'iTTVr 


ADDITIVE 


9.14 

-«737' 

8,03 

-8TH7- 


1 

r 

4 

T 


RMS 


<*.?0 

“ mu 

8,27 

8' 


~k 

3 

~tr 


MULTIPLIC.ATIVE  LOGARITHMIC. 


9^09 


-trs-o- 

7,73 


7~.9<r 


1 

?/ 

4 

T 


9.45 


~S\~6a- 

8,90 

-*7£T 


1 


ALTERNATIVE  KEY 


l 


A.  ONE  CONFIGURATION  - STANDARD  ELECTRONICS 

B.  SEPARATE  CONFIGURATION  - COMMON  ELECTRONICS. 

C.  SEPARATE  CONFIGURATION  - UNIQUE  ELECTRONICS 

D.  ONE  CONFIGURATION  - UNIQUE  ELECTRONICS 
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8.0  SENSITIVITY  ANALYSIS 

The  procedures  and  discussions  presented  in  Section  III,  paragraph 

8.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  is  applicable. 

8 . 1 Sensitivity  Study  using  the  Additive  Weighting  Technique. 

First  a sensitivity  study  was  completed  using  the  additive  weighting  tech- 
nique. The  evaluation  ratings  computed  with  nominal  weighting  factors 
and  the  additive  techn4que  served  as  the  base  set  of  values.  Then  14 
additional  sets  of  evaluation  ratings  were  calculated  using  maximum  and 
minimum  weighting  factors  for  each  of  the  7 major  evaluation  criteria. 

When  the  weighting  factor  for  one  major  evaluation  criteria  was  changed 
to  maximum  or  minimum,  all  other  major  criterion  weighting  factors  were 
adjusted  proportionately. 

t 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted 
in  Figure  4-1.  The  figure  shows  that  Alternative  A is  clearly  the  most 
preferred.  Alternative  B ranks  second  but  is  close  to  Alternative  C and 
D which  are  co-ranked  last. 

8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the 
same  way  that  the  additive  sensitivity  study  was  conducted.  A total  of 
60  sensitivity  runs,  including  the  additive  nominal  reference  were  made 
for  the  analysis. 

Tables  IV-XV  through  IV-XXI  show  the  computational  results  from  the 
processing.  These  results  contain  the  final  Evaluation  Rating  and  Rank 
order  as  the  criterion  weighting  factors  were  varied  in  four  techniques. 

The  relationships  among  the  evaluation  scores  for  each  alternative, 
the  nominal  weighting  factors  for  the  subcriteria  and  for  the  major  criteria 
are  shown  in  Table  IV-XII.-  Table  IV-XII  additionally  includes  the  maximum 
and  minimum  values  for  the  major  criteria. 

In  all  runs  the  One  Configuration  - Standard  Electronics  alternative  is 
ranked  first.  Its  score  is  substantially  above  the  second  ranked  alternative. 
Other  ranks  change  during  the  sensitivity  study  and  a summary  of  the  changes 
are  shown  in  Table  IV- XXII  (This  includes  nominal  results). 

It  is  obvious  from  Table  IV-XXII  that  the  One  Configuration  - Standard 
Electronics  is  the  most  preferred  alternative.  The  Separate  Configuration  - 
Common  Electronics  alternative  is  ranked  second.  The  distinction  between 
the  remaining  two  alternatives  is  not  quite  as  clear,  but  this  is  not  all 
that  important  as  they  are  both  less  preferred  than  the  previous  two. 


TABLE  IV  - XV 


RATINGS  OF  ALTERNATIVES  PHYSICAL  CHARACTERISTICS 
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ALTERNATIVE  KEY 


A,  ONE  CONFIGURATION  - STANDARD  ELECTRONICS 

B,  SEPARATE  CONFIGURATION  - COMMON  ELECTRONICS 

C,  SEPARATE  CONFIGURATION  - UNIQUE  ELECTRONICS 
E>.  ONE  CONFIGURATION  - UNIQUE  ELECTRONICS 


TABLE  IV  - XVI 


RATINGS  OF  ALTERNATIVES  VS  VERSATILITY 
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9.0  CONCLUSION 

Of  the  alternatives  considered,  the  one  which  uses  a single  coufip”! 
ration  with  common  electronics  received  the  highest  ranking  by  a reasonable 
margin.  All  weighting  techniques  used  in  the  analysis  showed  similar 
results.  Likewise,  a sensitivity  analysis  with  variable  weights  did  not 
change  the  ranking  of  this  alternative  versus  the  other  alternatives. 
However,  in  reviewing  the  weights  which  were  assigned  to  the  various 
criteria  and  subcriteria,  the  team  believes  that  a disproportionate 
weight  was  given  to  some  criteria  which  tended  to  favor  this  alternative 
over  the  others.  In  particular,  human  factors  are  believed  to  be  of  much 
greater  importance  than  versatility.  Similarly,  reliability  is  given 
a significantly  greater  weight  in  this  engineering  analysis  than  others. 

In  view  of  this,  the  team  does  not  believe  the  analysis  i?.  conclusive. 


10.0  RECOMMENDATION 

Based  on  the  above  statements,  the  team  recommends  a separate  configu- 
ration with  common  electronics  be  used  for  designing  repeaters  for  air 
delivered  and  hand  emplaced  use  (Alternative  B) . 

11.0  SIZE,  WEIGHT,  SHAPE,  AND  OTHER  PERTINENT  DATA 

A new  air  dropped  sensor  delivery  vehicle  is  being  developed  by  MERDC, 
designated  as  the  Surface  Emplaced  Sensor  (SES).  It  appears  that  a follow- 
on  development  along  these  lines  may  provide  an  answer  for  the  air-dropped 
repeater  applications,  modifications  would  have  to  be  made  to  permit  packaging 
of  a repeater  as  shown  in  Figure  4-2. 

Before  preliminary  volume  calculations  pertaining  to  the  SES  are 
made,  the  advantages  and  disadvantages  of  the  SES  delivery  vehicle  as  a 
radio  repeater  will  be  discussed.  Regardless  of  the  deployed  location 
for  the  radio  repeater,  two  lines  of  sight  must  be  maintained;,  one  for 
the  sensor  link  and  one  for  the  Receiver/ Command-Transmitter  link.  This 
requirement  implies  a canopy  hang-up  or  an  antenna  deployed  10-20  feet 
above  the  ground  for  proper  transmission. 

With  regard  to  a SES  type  delivery  vehicle,  the  above  requirements 
may  be  difficult  to  meet.  Firstly,  the  SES  is  designed  to  be  emplaced  on 
the  surface.  This  may  net  be  ideal  for  a radio  repeater.  With  the 
present  SES  diameter,  it  may  be  difficult  to  store  a 10'  oi:  20'  antenna 
into  the  package.  Secondly,  the  SES  is  not  designed  for  canopy  hang-up. 
Thirdly,  upon  deployment  of  the  antenna  the  SES  will  tend  to  be  unstable 
and  will  perhaps  roll.  A spike  could  be  implanted  automatically  to  attain 
stability.  The  present  SES  type  delivery  vehicle  does  not  appear  to  meet 
radio  repeater  requirements  with  regard  to  size,  veight  and  packaging 
requirements. 


The  SES  provides  100  in^  volume  for  the  electronics  and  30  in^ 
volume  for  the  batteries.  This  is  a total  volume  of  130  in^.  As  shown 
in  Figure  4-3  the  present  SES  volume  ia  not  sufficient  for  In-band 
.ep eaters  using  alkaline  batteries. 

The  available  volume  can,  of  course,  be  increased  by  increasing 
the  length  of  the  package.  The  volumes  available  in  24'*,  27'*  and  30" 
packages  can  be  found  in  Figure  4-4.  A 30"  tube  can  meet  the  volume 
requirements  of  hybrid  and  LSI  electronics  in  all.  cases.  There  ia  not 
sufficient  volume,  however,  for  discrete  electronics. 

The  weight  requirements  of  the  MN  for  the  HERR  using  Alternative  A 
(same  electronics,  same  configuration)  cannot  be  met  if  an  in-band  alka- 
line battery,  switch-tunable  receiver  is  used  (Fig.  4-3).  The  excess 
weight,  10  lbs  is  due  primarily  to  the  weight  of  the  alkaline  batteries 
and  the  presence  of  the  Self  Orienxing  Mechanism  (SOM)  which  is  not 
needed  for  hand  emplacement,  but  is  included  since  the  same  equipment 
is  air  dropped.  In  the  REMBASS  MN,  there  is  no  weight  restrictions 
for  ADKR. 

Figure  4-6  summarizes  alternate  relay  design/power  sources  and 
indicates  those  designs  which  are  potentially  suitable  for  REMBASS  fbom 
a size  and  weight  viewpoint.  The  size  and  weight  estimates  for  relays 
was  taken  from  a CS&TA  Laboratory  report  entitled,  "Sensor  Radio  Relay," 
presented  to  ODDR&E  March  73.  In  some  cases  maximum  use  of  Hybrid  tech- 
niques and  LSI  technology  is  required.  In  sizing  the  batteries,  a 60- 
day  life  at  0°F  was  assumed. 
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FIGURE  4-2  REPEATER  PACKAGING  METHOD 


FIGURE  4-3  REPEATER  WEIGH::  & VOLUME  REQUIREMENTS 


Present  SKS  - !, snaths  h Weights 


Total  Weijjht  - 

?.0.  85  lba 

Tub#  ?<  Pl'ij;3 

7.  00  lba 

1 ’aylf.nl 

13.'  05  11)  a 

SOM 

4.  6 3 lbs 

Battery  Klec- 

" 9.  22  11>3 

Ivouirs 

STC 

88. 7999  in3 

4.  6 lba 

KfcT 

29,  8099  in3 

UNK 

Buttery  _ 

27.  5038  in3 

8.54  lba 

Total 

f?. 6.  0736  in3 

A OUR  apace  available 

SOM  removed 

109.  544  in3 

I1KRR  apace  available 

Available  apace  if  incroaac  lenj'tha 


I; 


IIKS  with  SOM 

24" 

168.38  in3 

No  SOM 

24" 

231. 85  in3 

SKS  with  SOM 

27" 

200. 10  in3 

No  SOM 

27" 

263.  69  in3 

SKS  with  SOM 

30" 

231.86  Lri3 

No  SOM 

30" 

295.  33  in3 

FIGURE  4-4  VOLUMES  AND  WEIGHTS  OF  PRESENT  SES  AND 

PROJECTED  VOLUMES  IF  TUBE  LENGTHS  ARE  INCREASED 
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Note:  Size 

If  the  tube  length  Is  Increased  to  30",  its  weight  will  Increase 
50  percent.  Therefore: 

Tube  weight  10.5  lbs 

SOM  4 . 6 lbs 


Total  package  weight  15.1  lbs 
(without  electronics 
or  battery) 

KEMBASS  overall  weight  25.0  lbs 
Limit 


Available  payload  9.9  lbs. 

(electronics  and 
battery 

The  battery  and  electronics  for  the  in-band,  alkaline  battery 
switch  tunable  repeater  total  13.9  lbs*  10  lbs  over  the  REMftASS  MIN 
limit. 

FIGURE  4-5  WEIGHT  COMPUTATIONS  F^R  30"  SES 
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SECTION  V 

ENGINEERING  ANALYSIS  4 - EQUIPMENT  CONSTRUCTION  METHODS 


1.0  SUMMARY 

This  analysis  addresses  the  design  approaches  for  the  transmitter, 
receiver  and  logic  functions  required  in  the  REMBASS  Data  Transmission 
Subsystem  (DTS).  The  alternatives  were  evaluated  against  a specific  set 
of  criteria;  versatility,  cost,  technical  risk,  physical  characteristics 
and  human  factors.  The  analysis  concludes  that  the  common  functional 
module  alternative  is  most  preferred.  The  common  use  circuits  with  sub- 
functional modules  alternative  was  rated  a close  second,  and  an  attempt 
will  be  made  to  incorporate  this  idea,  where  feasible,  with  common  modules. 

2.0  INTRODUCTION 

The  REMBASS  system  is  comprised  of  several  major  subsystems.  Several 
different  alternative  DTS  designs  may  be  found  which  satisfy  the  system 
operational  and  functional  requirements  of  REMBASS  within  certain  constraints. 
In  order  to  determine  which  DTS  subsystem  alternative  provides  the  best 
choice,  alternatives  are  evaluated  and  analyzed  against  comnon  criteria  and 
one  or  more  possible  alternatives  are  selected  as  candidates  for  final 
syater.  components. 

This  report  is  concerned  with  design  approach  alternatives  to  provide 
the  transmitter,  receive.. . and  logic  functions  required  in  the  DTS.  Three 
possible  alternatives  are  described  and  evaluated. 

3.0  STATEMENT  OF  THE  PROBLEM 

Data  transmission  reception  and  processing  functions  must  be  performed 
in  most  REMBASS  equipment  components.  Some  of  these  ares 

1)  Non-Commandable  Sensors  * message  formatting  and  message  trans- 
mission. 

2)  Commandable  Sensors  - command  reception,  address  recognition  and 
command  decoding;  response  message  formatting  and  transmission. 

3)  Sensor  Control  Modules  (SCMr)  - command  message  reception,  address 
recognition,  message  decoding;  sensor  data  storage,  message  formatting  and 
transmission. 

4)  Repeaters  (digital  and/or  analog)  - command  and  sensor  message 
reception  and  retransmission,  recognition  of  message  type  (command  or  sensor 
messages).  Recognition  of  command  messages  addressed- fee  repeaters.  Refor- 
matting of  messages  in  digital  repeaters.  Formatting  of  messages  in  response 
to  repeater  commands. 
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5). 

display. 


Universal  Command  Receiver  - sensor  message  reception,  decoding  and 


6).  Universal  Command  Receiver/Transmitter  (UCR/Ts)  - command  message 
formatting  and  transmission.  Sensor  and  repeater  message  reception,  decoding, 
display  and  output  to  Computer  Processing  Units. 

Should  those  functions  be  performed  by:  a)  uniquely  designed  equipment 

components,  customized  for  each  application;  b)  common  functional  moluies  to  be 
used  wherever  the  function  is  required  in  the  REMBASS  DTS;  or  c)  by  common 
circuitry  or  sub- functional  modules  that  are  furnished  tc  designers  of  unique 
functional  equipments  or  to  common  functional  module  designers  and  fabricators 
for  incorporation  in  end  items? 

These  three  alternatives  are  defined  further  in  Section  4.0. 

4 . 0 ALTERNATIVES 

4 . 1 Unique  Design  of  DTS  End  Items  (Transmitter,  Receiver  or  Logic 
Array)  for  Each  Application.  In  this  alternative,  producers  cf  sensors,  SCK, 
repeaters,  UCRs  ar.d  UCR/Ts  are  required  to  design  and  develop  each  item  to 
fulfill  the  DTS  requirements  for  a specific  application.  Each  item  must,  of 
course,  satisfy  the  performance,  functional,  and  other  requirements  for  the  DTS. 
Each  designer/producer  is  not  responsible  for,  nor  concerned  with,  other 
functionally  similar  items  used  in  the  REKBASS.  He  must  only  Batisfy  the 
particular  environmental  and  physical  requirements,  such  as  size  or  the  power 
budget,  given  him  in  a specification  for  a particular  end  item.  Thus,  for 
example,  DTS  components  (e.g.,  transmitter  and  encoder  for  use  in  a hand 
emplaced  sensor)  need  not  be  designed  to  satisfy  the  size  nor  severe  implant 
shook  or  pouer  constraints  of  DTS  components  in  an  air  dropped  or  artillery 
delivered  sensor  or  an  air  dropped  repeater.  This  alternative  admits  use  of 
previously  developed  circuits  and  packages  of  special  electronic  components  that 
accomplish  subfunctions  required  In  receiver,  transmitter,  or  message  processing. 

4.2  Common  Functional  Modules.  In  this  alternative,  the  power,  size,  weight, 
shape,  and  other  requirements  of  DTS  components  In  all  REMBASS  applications  are 
tabulated  and  functional  modules  that  satisfy  the  worst-case  constraints  or 
requirements  are  developed.  These  modules  are  used  in  all  equipment  elements 
requiring  that  particular  function.  This  alternative  also  recognizes  that  some 
functions  are  always  performed  together  (s.g.,  the  transmitter  and  the  encoder 
functions  and  the  receiver  and  decoder  functions).  It  admits  of  the  integration 
of  such  coupled  use  functional  modules  into  "Integrated  Transmitter"  and  "Inte- 
grated Receiver"  modules.  The  alternative  also  admits  Incorporation  of  previously 
developed  circuitry  and/or  sub-functional  modules  (e.g.,  a synthesizer  circuit 

or  a Temperature  Compensated  Voltage  Controlled  Crystal  Oscillator  (TCVCXO)  module) 

4.3  Common  Use  Circuits  and  Sub-functlonal  Modules.  This  alternative  provides 
developers/producers  of  DTS  end  items  (both  unique  and  common  module)  circuitry 
some  special  electronic  piece  parts  or  logic  chips  for  use  in  functional  end  items. 
These  GFE  furnished  pieces  or  circuits  m:y  have  been  developed  at  considerable 

R&D  costs  (e.g.,  - a synthesizer)  or  they  may  represent  considerable  production 
start  up  investment  which  would  otherwise  be  duplicated  in  pursuit  of  alternatives 
4.1  or  4.2. 
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5.0  CRITERIA 

Criteria  used  in  the  comparative  evaluation  of  the  alternatives  of  this 
engineering  analysis  are  defined  below.  In  Section  6.0  each  alternative  is 
evaluated  against  these  criteria.  In  performing  the  final  evaluation  each 
criterion  is  weighted  in  prop  rtion  to  its  importance  as  determined  from 
Material  Need  (MN)  requirements  or  other  pertinent  facts.  In  cases  where  the 
relative  weight  of  a criterion  is  not  considered  exact,  a sensitivity  analysis 
will  be  performed  to  determine  the  effects  of  errors  in  the  weighting  factor. 

Performance  is  not  ratable  criterion  in  thJa  engineering  analysis  since, 
by  definition,  each  alternative  satisfies  the  performance  requirements  of  the 
application  for  which  it  is  intended.  In  satisfying  "worst- Case"  requirements, 
alternative  4.2  provides  greater  performance  then  is  actually  required  for  many 
applications. 

5.1  Versatility.  This  is  the  ability  of  a DTS  end  item  to  perform  the 
same  function  in  multiple  DTS  applications,  and  provide  technical  benefits  and 
cost  savings  in  system  design  and  operation. 

5.2  Costs.  Coats  for  each  alternative  are  estimated  on  a relative  basis 
to  include  engineering  development  (R&D) , initial  procurement  for  a 13  Division 
Amy  requirement  (acquisition),  and  continued  supply  and  support  (life  cycle 
support) . 


5.2.1  R&D  Costs,  This  is  the  cost  to  develop  and  test  a functional  equip- 
ment item  to  the  point  where  initial  production  may  begin.  Extending  the  state- 
of-the.-art  of  a required  capability  may  be  required. 

5.2.2  Acquisition  Costa.  This  Is  the  cost  to  procure  and  stock  the  required 
Army  units  (Division,  Battalion,  etc.)  with  the  equipment,  spare  parts,  loftware, 
etc.,  for  an  initial  operational  capability.  Subsequent  costs  are  covered  under 
life  cycle  support  costs. 

5.2.3  Life  Cycle  Support  Costs.  These  are  the  costs  for  replenishing 
consumed  items,  test  equipment,  repair  parts,  support  personnel,  logistics  support 
management,  transportation. 

5. 2. 3.1  Consumption.  Replacement  cost  for  consumed  items. 

5. 2. 3. 2 Test  Equipment.  The  special  equipment  needed  to  properly  support 
a given  end  item  in  the  field. 

5. 2. 3. 3 Repair  Parts.  The  number  of  unique  components  necessary  to  support 
the  DTS  end  item  in  the  field  in  case  of  failure  or  malfunction. 

5. 2. 3.4  Maintenance  Skills.  The  special  technical  skills  required  of  support 
personnel  in  the  field. 
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5.  2. 3.6  Transportation.  This  Is  the  relative  cost  of  transporting  items  to 
using  sites  and  to  and  from  repair  facilities. 

5. 3  Physical  Characteristics. 

3.3.1  Size.  The  phvsical  dimensions  of  an  end  item  which  impact  on  its 
versatility,  or  capability  of  meeting  the  size  requirements  of  sensors,  repeaters, 
etc. 

5.3.2  Weight . Weight  can  be  a significant  constraint  on  DTS  components  for 
hand  emplaced  sensors  and  repeaters,  in  terms  of  meeting  MN  requirements.  The 
alternatives  will  be  evaluated  on  the  basis  of  their  impact  on  the  final  weight 
of  equipments  which  use  these  alternatives. 

5.3.3  Volume.  The  volume  of  the  DTS  end  items  determines  their  ability 
to  be  used  in  multiple  applications.  It  is  assumed  that  configuration  is  a 
fli  dole  parameter  within  a given  volume  constraint. 

5.4  Development  Schedule/Risk.  Schedule  and  risk  are  related  criteria  and 
determine  the  extent  of  development  required  and  the  probability  of  successfully 
acquiring  DTS  end  items. 

5.5  Human  Factors.  This  criterion  concerns  the  facility  or  ease  of  correct 
assembly  and  operation  of  functional  end  items. 

6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6.1  Versatility.  Comparison  of  alternatives  is  given  in  Table  V-I. 

6.1.1  Alternative  1 (un  que  functional  items).  This  alternative  has  the 
Least  versatility.  Each  end  item  is  customized  for  its  intended  application,  and 
there  is  small  chance  it  can  be  used  without  adaptation  in  any  other  application 
where  its  function  ia  needed. 

6.1.2  Alternative  2 (common  modular  items,.  This  alternative  provides 
maximum  versatility.  Each  end  item  can  be  used  wherever  its  function  is  required 
in  REMBASS.  A "universal"  transmitter  and  receiver  may  be  possible.  Because  of 
the  DTS  overview  required  to  realize  this  alternative,  it  permits  incorporation 
of  desirable  features  such  as  the  shared  use  of  a synthesizer  for  a transmitter 
by  a receiver  or  the  elimination  of  a second  receiver  for  some  repeater  tyoes. 

It:  can  also  provide  substantial  relief  to  the  pressing  power  problem  of  coramand- 
alle  sensor  receivers  by  reducing  the  "ON"  time  to  say  10%  during  which  "ON" 
time  a repeatedly  transmitted  command  can  be  "heard"  and  responded  to. 

6.1.3  Alternative  3.  Does  not  effect  end  item  versatility. 

6.2  Cost.  Comparison  of  alternativer,  is  given  in  Table  V-II. 

6.2.1  Development  Costs. 
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6. 2. 1.1  Alternative  1.  Developmental  costs  are  roughly  proportional 
to  the  number  of  unique  items  that  must  be  developed.  Therefore,  this 
alternative  has  the  highest  development  cost. 

6. 2. 1.2  Alternative  2.  By  satisfying  all  application  requirements,  the 
common  functional  module  development  cost  is  considerably  lower  than  the  sum 

of  development  costs  of  the  required  unique  functional  designs  of  alternative  1. 
It  is  expected  that  in  satisfying  most  case  conditions,  development  costs  of 
these  common  usage  modules  may  be  higher  than  the  development  cost  of  one  or 
more  unique  modules.  But  overall,  there  will  be  considerable  saving  over  the 
development  of  all  unique  items  that  perform  the  same  function. 

6. 2. 1.3  Alternative  3.  This  alternative  will  reduce  development  cost  of 
both  alternatives  1 and  2 through  elimination  of  duplicative  efforts. 

6.2.2  Acquisition  Cost. 

6. 2. 2.1  Alternative  1.  Due  to  the  relatively  small  production  base  for 
each  unique  design,  item  overall  acquisition  costs  are  expected  to  be  high. 

6. 2. 2. 2 Alternative  2.  The  relatively  large  production  base  of  each 
common  use  functional  Item  will  considerably  reduce  the  cost  of  providing  DTS 
functions  in  the  REMBASS  system. 

6. 2. 2. 3 Alternative  3.  Use  of  this  alternative  will  significantly  reduce 
acquisition  costs  of  alternative  1,  and  may  decrease  the  cost  of  alternative  2. 

6.2.3  Life  Cycle  Support  Costs. 

6. 2. 3.1  Consumption, 

6. 2. 3. 2 Alternative  1.  Items  are  higher  in  cost  due  largely  to  low 
production  base  and  therefore  they  have  a higher  replacement  cost. 

o.2. 3. 3 Alternative  2.  Because  of  the  high  production  base  consumption 
replacement  costs  will  be  lowest. 

6. 2. 3.4  Alternative  3.  Common  piece  parts  separately  procured  as  GFE 
for  use  in  alternatives  1 and  2 will  reduce  the  cost  of  alternatives  1 and  2. 

6.2.4  Craw  and  Personnel. 


6. 2. 4.1  Alternative  1 requires  operational  and  maintenance  personnel 
to  become  familiar  with  a much  greater  number  of  items  requiring  considerably 
more  training  and  skill. 

6. 2.4. 2  Alternative  2 will  require  operational  and  maintenance  personnel 
to  become  familiar  with  only  one  of  each  functional  end  item  reducing  the  training 
and  skill  level  required. 
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6. 2. 4. 3  Alternative  3 reduces  the  skill  and  training  level  for  alternative  1, 
but  it  will  still  be  greater  than  required  for  alternative  2. 

6.2.5  Teat  Equipment. 

6. 2. 5.1  Alternative  1.  If  a unique  approach  to  developing  test  equipment 
la  selected,  there  will  be  a need  for  as  many  test,  equipments  as  functionally 
similar  items.  Development  acquisition,  replenishment, and  training  in  use  of 
these  equipments  will  be  high. 


6. 2. 5. 2 Alternative  2.  This  alternative  minimizes  the  amount  of  test 
equipment  required  and  reduces  R6D,  acquisition,  replenishment  and  training  coats. 

6. 2. 5. 3 Alternative  3.  This  alternative  requires  special  teat  equipment  for 
the  piece  parts  as  well  as  field  test  equipment  for  end  items,  and  therefore 
maximizes  test  equipment  costs. 

6.2.6  Repuir  Parts. 

6.2. 3.1  Alternative  1 may  require  the  greatest  numbur  of  repair  parts. 

6. 2.6.2  Alternative  2 may  require  fewer  repair  parts  but  they,  as  throw 
away  items,  are  likely  to  pose  a higher  repair  cost. 

6. 2. 6. 3 Alternative  3 will  be  comparable  to  alternative  1. 

6.2.7  Intergrated  Logistics  Management. 

o.3. 7.1  Alternative  1.  Has  the  greatest  number  of  items  and  parts  to  be 
managed . 

6. 2. 7. 2 Alternative  2.  Reduces  to  a minimum  the  number  of  end  items  to  be 
managed. 

6. 2. 7. 3 Alternative  3.  This  alternative  increases  slightly  the  number  of 
special  piece  parts  that  must  be  provided  and  inventoried  for  alternatives  1 and  2. 

6.2.8  Transportation. 

6. 2. 8.1  Alternative  1.  Probably  will  incur  greater  transportation  costs  to 
support  sensors.  Each  item  will  require  a minimum  inventory  level  and,  if  maintain- 
able, a larger  overall  float  will  be  required  to  support  all  items.  Overall  weight 
of  units  will  be  greater  than  al tentative  2. 

6. 2. 8. 2 Alternative  2.  The  unit  transportation  cost  and  the  inventory  level 
and  maintenance  float  can  probably  be  smaller  to  support  the  same  quantity  of 
sensors  and  other  applications  in  the  DTS,  resulting  in  smaller  transportation 
costs  for  this  alternative. 


176 


in , I -n-rs-.v,. 


6.2.8. 3  A] ternative  3.  This  alternative  does  not  impact  on  transportation 


costs. 


6.3  Development  Risk.  Comparison  of  alternatives  is  given  in  Table  Vr-III. 

6.3.1  Alternative  1.  Development  risk  varies  with  application.  Half 
of  applications  will  pose  some  development  risk. 

6.3.2  Alternative  2.  Since  it  must  satisfy  worst  case  applications, 
this  alternative  has  a greater  development  risk  than  some  functional  items  of 
unique  design  that  do  not  pose  worst  case  constraints. 

6.3.3  Alternative  3.  By  furnishing  developed  items  that  have  resulted  from 
considerable  development  investment,  this  alternative  tends  to  reduce  the  risk 
involved  in  pursuing  alternatives  1 and  2. 

6.4.  Physical  Characteristics.  Comparison  of  alternatives  is  given  in 
Table  V-IV. 

6.4.1  Alternative  1.  Each  unique  item  will  be  as  large  and  configured  as 
required  for  its  intended  application. 

6.4.2  Alternative  2.  The  size,  shape,  and  volume  will  be  determined  after 
the  worst  case  constraints  have  been  defined.  Items  will  be  smaller  than  some 
unique  designs  of  alternative  1. 

6.4.3  Alternative  3.  The  size  and  shape  of  alternatives  1 and  2 will  be 
affected  to  some  degree  by  the  special  electronic  posts  furnished  under  this 
alternative.  However,  by  definition,  each  of  these  alternatives  will  satisfy 
intended  unique  or  worst  case  requirements  respectively. 

6.5  Human  factors.  Comparison  of  alternatives  is  given  in  Table  V-V. 

6.5.1  Alternative  1 presents  the  greatest  opportunities  for  assembly 
and  operating  errors - 

3.5. 2 Alternative  2 minimizes  the  chances  of  errors  in  assembly  and  use 
of  functional  DTS  component  end  items. 

6.5.3  Alternative  3 tends  to  reduce  the  probability  of  error  in  alternative  1. 

6.6  The  evaluations  of  the  alternatives  against  the  rating  criteria  is  shown 
in  table  V-VI. 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  III,  Paragraph  7.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this 
section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  presented 
In  Section  III,  paragraph  7.1  apply  equally  to  this  section  except  that  the 
basic  data  presented  in  this  section  are  applicable.  The  nominal,  maximum, 
and  minimum  values  of  the  weighting  factors  used  are  given  in  Table  V-VU. 
Table  V-V'LII  lists  the  evaluation  scores  for  each  alternative  and  evaluation 
criterion,  together  with  the  weighting  factor  for  each  evaluation  criterion. 

This  initial  analysis  results  in  the  following  preference  listing  of  the 
alternatives. 

RANK  ALTERNATIVE  EVALUATION  RATING 

1 COMMON  FUNCTION  MODULES  9.51 

2 COMMON  USE  CIRCUITS  AND 

SUB- FUNCTIONAL  MODULES  9.28 

3 UNIQUE  DESIGN  OF  DT.S  END  ITEMS  5.60 

Since  the  least  uccurate  figures  in  the  calculation  are  accurate  to  two 
significant  figures,  the  evaluation  rating  given  here  is  accurate  to  two 
significant  figures. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  resultant 
evaluation  scores  and  their  ranks,  based  on  nominal  values,  derived  by  each 
of  the  four  analytical  techniqvies  are  shown  in  Table  V-IX. 
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7.3  Comparison  or  Results  - Nominal  Values.  From  Table  V-IX,  the  Common 
Function  Modules  and  the  Common  Use  Circuits  & Sub-Functional  Modules  alter- 
natives ranked  first  and  second  respectively.  The  evaluation  ratings  realized 
for  each  are  relatively  close,  but  the  Common  Function  Modules  alternative  is 
clearly  indicated  as  preferred,  by  a small  margin.  The  Unique  Design  of  DTS 
End  Iteas  alternative  is  the  least  preferred  by  a significant  margin.  Throughout 
the  analysis,  the  alternatives  maintained  constant  rank  order  while  emphasis  on 
high  or  low  scores  was  performed  thus  supporting  the  initial  results  obtained 
when  the  additive  technique  was  used. 

8.0  SENSITIVITY  ANALYSIS 

The  procedures  and  discussions  presented  in  Section  III,  paragraph  8.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this  section 
are  applicable. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First  a 
sensitivity  study  waa  completed  using  the  additive  weighting  technique.  The 
evaluation  ratings  computed  with  nominal  weighting  factors  and  the  additive 
technique  served  as  the  base  set  of  values.  Then  10  additional  sets  of 
evaluation  ratings  were  calculated  using  maximum  and  minimum  weighting  factors 
for  each  of  the  5 major  evaluation  criteria.  When  the  weighting  factor  for 

one  major  evaluation  criteria  was  changed  to  maximum  or  minimum,  all  other  major 
criterion  weighting  factors  were  adjusted  proportionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted  in 
Figure  5-1.  The  weighted  score  or  evaluation  rating  is  plotted  against  the 
ra-njor  criteria  weighs  combination  used  in  the  calculation.  An  examination  of 
Figure  5-1  reveals  that  the  three  alternatives  maintained  their  initial  pre- 
ference rank  order  throughout  the  sensitivity  study.  Thus  supporting  the  results 
obtained  from  the  initial  analysis. 


8.2  General  Sensitivity  Study.  Three  additional  seta  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the 
same  way  that  the  additive  sensitivity  study  was  conducted.  A total  of 
44  sensitivity  runs  were  made  for  the  analysis.  These  runs  showed  that  the 
alternative  preference  runk  order  remained  constant  for  42  of  the  44  runs. 

The  exceptions  occurred  when  the  Schedule/Risk  maximum  weighting  factors  were 
examined  using  the  RMS  and  the  Logarithmic  Techniques.  For  each  case,  the 
predominately  first  two  preference  ranked  alternatives  switch  ranks.  Since 
the  evaluation  ratings  obtained  are  close,  the  switch-over  is  considered 
insignificant.  The  Unique  Design  of  DTS  End  Items  alternative  consistantly 
realized  the  least  preferred  rank  position.  These  results  are  summarized  in 
Table  V-X. 

From  Table  V-X  the  preference  rank  order  of  the  viable  alternatives  is  ae 
follows : 

RANK  ALTERNATIVE 

1 COMMON  FUNCTION  MODULES 

2 COMMON  USE  CIRCUITS  & SUB-FUNCTIONS  MODULES 

3 UNIQUE  DESIGN  DTS  END  ITEMS 
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9.0  CONCLUSION 


A common  functio  ,al  modular  design  ranks  significantly  higher  than 
a unique  design  of  each  hardware  element  (repeaters,  sensors,  etc*).  The 
alternative  which  incorporates  common  LSI  chips  as  sub- functions.1  units 
along  wich  common  functional  modules  ranked  a very  close  second.  Although 
the  results  of  the  sensitivity  analysis  did  not  change  the  relative  ranking 
of  alternatives,  it  was  concluded  by  the  team  that  the  difference  in  ranking 
of  Alternatives  A and  B was  not  significant. 

10.0  RECOMMENDATION 

In  view  of  the  close  ranking  between  alternatives  A and  B,  the  team 
recommends  that  a corr-.  functional  modular  design  be  utilized  for  the  hardware, 
elements  of  the  DTS  and,  in  addition,  consider  using  subfunctional  units  which 
may  have  been  developed  by  the  Government  at  the  time  of  contracting  for  the 
DTS  hardware  design.  Typical  sub- functional  units  which  are  b'  ig  funded  ;.n 
development  are  the  digital  synthesizer,  and  reference  oscillate  (TCVCXO) . 
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ENGINEERING  ANALYSIS  5-SENSOR  CONTROL  MODULE 
1 . 0 SUMMARY 

This  analysis  addresses  the  Sensor  Control  Module  (SCM)  and  its  utility 
in  REMBASS.  The  alternatives  were  evaluated  against  a specific  set  of 
criteria;  cost,  performance,  versatility,  schedule  and  logistics.  The 
analysis  was  inconclusive  in  that  one  alternative  was  not  rated  higher 
than  the  other.  The  Data  Transmission  Subsystem  (DTS)  Team  recommended 
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further  evaluation  on  this  problem. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems.  Several 
different  alternative  subsystem  designs  may  be  found  which  provide  the 
system  operational  and  functional  requirements  jf  REMBASS  within  certain 
constraints.  In  order  to  determine  which  subsystem  alternative  provides 
the  best  choice,  alternatives  are  evaluated  and  analyzed  against  common 
criteria  and  one  or  more  possible  alternatives  are  selected  as  candidates 
for  final  system  components. 

Thi3  engineering  analysis  is  concerned  with  the  relative  advantages 
and  disadvantages  of  employing  a SCM  with  low  power  (LP)  minisensors 
in  the  REMBASS  system  as  opposed  to  using  only  high  power  (HP)  sensors 
which  have  the  capability  of  communicating  directly  with  the  receiver  or 
with  the  repeaters. 

3.0  STATEMENT  OF  THE  PROBLEM 

Target  information  must  be  detected  by  a sensor  and  communicated  to 
the  readout  terminal.  Extended  ranges  or  masking  terrain  features  will 
impose  line-of -eight  restrictions  on  a sensor-to-readout  terminal  RF  link. 
To  overcome  the  RF  path  restrictions  one  or  more  radio  repeaters  will  be 
required. 


In  certain  tactical  situations  s higher  concentration  of  sensors  in  j 

a localized  geographical  area  (i.e.,less  than  1/2  km  radius)  may  be  desired.  i '' 

Coverage  of  this  target  area  may  be  accomplished  by  deploying  approximately  j 

6 to  16  HP  sensois  which  report  over  RF  links  to  the  UCR/T  or  through  ;j 

repeaters  to  a UCR/T.  -fl 

’ -tl 

This  engineering  analysis  will  consider  the  relative  merits  of  building  j ■: 

a REMBASS  using  only  HP  sensors  or  REMBASS  using  both  Li'  minisensors/SCM1  s j • 

and  HP  sensors  and  evaluate  these  against  common  criteria.  i ■ 


1 


4.0  ALTERNATIVES 

Thii  two  alternatives  for  satisfying  the  transmission  of  sensor  data 


are: 

1)  Through  the  use  of 
the  use  of  both  HP  sensors 
6-2. 


HP  sensors  only.  See  Figure  6-1;  and  2)  through 
and  SCM’s  with  LP  minisensors.  See  Figure 


FIGURE  6-1 

HIGH  POWER  SENSOR  ONLY  ALTERNATIVE 


LP 

MIUISENSORS 


FIGURE  6-2 

BOTH  LP  MINISENSORS  WITH  SOI 
AND  HP  SENSOR  ALTERNATIVE 
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4.1  HP  Sensors  Only.  All  sensors  would  be  built  with  HP  trans- 
mitters capable  of  transmitting  to  the  UCR/T  or  through  repeaters  to 
the  UCR/T.  The  HP  sensors  may  be  hand  emplaced,  ballistically  emplaced 
or  air  dropped.  Certain  HP  sensors  may  be  commandable  (i.e. » contain 

a receiver)  and  may  act  as  classifiers.  HP  sensors  would  be  used  for  all 
tactical  deployments  requiring  sensors. 

4.2  Both  HP  Sensors  and  SCM/LP  Mir.isensora.  Both  HP  sensors  and  LP 
mihisensors  would  be  built.  LP  minisensors  and  SCM's  would  be  deployed 
where  the  tactical  situation  requires  high  concentrations  of  sensors  to  be 
deployed.  HP  sensors  would  be  deployed  for  other  sensor  requirements.  The 
HP  sensors  for  this  alternative  would  have  the  same  capabilities  as  those 
stated  for  the  HP  sensors  only  alternative.  Hinisensors  have  LP 
transmitters  capable  of  transmitting  sensor  data  over  short  distances  (less 
than  500  meters)  via  an  RF  or  wire  link  solely  to  Bensor  control  modules. 

The  minisensor  modulation  and  transmission  technique  does  not  have  to  be 
identical  toother  REMBASS  components  fr.e.,  HP  sensors,  repeaters,  and  UCR/T). 
By  not  requiring  the  same  modulation  and  transmission  technique,  the  mini- 
sensors may  be  built  as  economically  as  possible  and  may  even  be  the  same 
minisenaora  as  those  built  for  the  Small  Unit  Package  (e.g.,PEWS).  Mini- 
sensors  and  SCM's  are  hand  emplace^  1 terns.  Minisensors  are  not  commandable 
but  the  retransmission  and  processing  done  by  the  SCM  may  be  controlled  by 
commands  to  the  SCM.  The  SCM  is  capable  of  handling  up  to  16  minisensors. 

The  SCM  retransmission  RF  link  is  compatable  with  repeaters  and  UCR/T. 

NOTE:  HP  sensors  never  communicate  with  the  SCM.  Certain  classification  may 

be  accomplished  through  a combination  of  minisensor  logic  and  SCM  logic/ 
processing.  Position  location  will  not  be  accomplished  by  the  minisensor/SCM 
subsystem. 


5.0  CRITERIA 


The  criteria  which  will  be  used  in  the  compar  ive  evaluation  of  the 
alternatives  associated  with  this  engineering  analysis  are  defined  below.  In 
paragraph  6.0,  each  alternative  is  evaluated  against  these  criteria.  Then  the 
alternatives  are  ranked  against  each  other  for  each  criterion  and  a 
relative  ranking  is  presented  for  each  major  criterion.  This  data  will  be 
used  in  paragraph  7.0,  to  make  a comparative  analysis  of  the  alternatives 
to  determine  which  most  nearly  meets  the  REMBASS  requirements. 

5.1  Costs.  Costs  for  each  alternative  are  estimated  to  include  all 
costs  from  engineering  development,  initial  purchase  and  supply  of  Army 
elements  with  components,  to  the  continued  resupply  of  equipments,  with 
supporting  costs,  for  the  expected  life  cycle  of  the  system. 

5.1.1  R&D  Costs.  This  is  the  cost  required  to  develop  and  test  the 
device  up  to  the  point  of  initial  production.  This  may  encompass  state-of 
the-art  advances  in  some  instances. 

5.1.2  Acquisition  Costs.  This  is  the  cost  required  to  procure  anu 
stock  for  the  Army  the  equipment,  spare  parts,  software,  training,  etc. 
for  an  initial  operational  capability.  Subsequent  coats  are  covered  under 
life  cycle  support  costs. 

5.1.3  Life  Cycle  Support  Costs.  These  are  costs  for  replacement  items, 
crew  and  maintenance  personnel,  ILS  (management),  transportation,  and  depot 
maintenance. 

5.2  Performance.  Both  alternatives  will  be  evaluated  against  specified 
performance  parameters. 

5.2.1  Spectrum  Utilized.  This  criteria  relates  to  the  effectiveness 
with  which  a particular  alternative  uses  the  assigned  frequency  band. 

5.2.2  Vulnerability.  The  degree  of  vulnerability  to  enemy  counter- 
measures associated  with  each  alternative. 

5.2.3  Classification  Capability.  The  ability  of  each  alternative  to 
perform  classification. 

5 . 3 Versatility. 

5.3.1  Ease  of  Emplacement.  The  ease  of  transporting  each  subsystem 
considering  equipment  size  and  weight  and  the  ease  of  emplacement. 

5.3.2  Ease  of  Performing  Subsystem  Checkout.  The  relative  ease  of 
performing  subsystem  testing  and  checkout  with  each  alternative. 


196 


iSSHSSS 


vvppi  ■ v^-n 


5.3.7  Subsystem  Interoperability.  The  flexibility  to  utilise  the 
capabilities  of  the  rEWS  sensor  for  detecting  and  classifying. 

5.4  Schedule  and  Risk.  Consideration  is  given  to  development  time 
and  the  associated  risk,  for  each  alternative.  Development  time  is  the  time 
in  months  required  to  perform  the  engineering  development  (ED)  tc  a point 
where  production  may  begin.  Relative  technical  risk,  of  each  alternative  is 
considered. 

5.5  Logistics.  Each  alternative  is  evaluated  in  terms  of  maintenance 
skills,  repair  parts,  and  special  test  equipment  required. 

5.5.1  Maintenance  Skills.  The  special  technical  skills  required  of 
support  personnel  in  the  field. 

5.5.2  Repair  Farts.  The  number  of  unique  components  necessary  to 
support  each  alternative  subsystem  in  the  field  in  the  event  of  malfunction. 

5.5.3  Test  Equipment.  Special  test  equipment  needed  to  properly 
support  each  alternative  subsystem  in  the  field. 

6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6.1  Costs.  Cose  Information  uaed  in  this  engineering  analysis  is 
baaed  on  data  extracted  from  the  RKMBASS  baseline  Cost  Estimate  (BCE)  which 
was  based  on  FY  73  dollars.  For  the  alternative  of  having  no  SCM  and  using 
only  HI’  sensors,  a larger  quantity  of  HP  aensora  would  be  required  to 
balance  the  deletion  of  LP  types.  It  ia  that  change  of  quantity  which  is 
coated  out  and  compared  with  the  coat  of  using  an  SCM.  For  the  alternative 
using  the  SCM,  costs  of  the  SCM  with  LP  sensors  were  combined  when  making 
comparisons.  These  RD  costa  exceeded  the  HP  only  alternative,  but  acquisi- 
tion and  life  cycle  costa  were  less.  As  a further  consideration  costa  of 
an  SCM  with  PEWS  type  sensors  were  examined.  For  this  comparison,  the  LP 
acoustic  sensor  was  Included  to  retain  the  analog  capability.  However  the 
PEWS  sensors  are  not  electrically  compatible  with  REMBASS  and  the  possibility 
of  their  use  must  be  ruled  out  unless  a significant  PEWS  modification  program 
were  undertaken. 

6.1.1  RAD  Costs.  The  RAD  cost  includes  development  through  the  ED  phase. 
In-house  and  contractual  costs  are  included  as  well  as  non-recurring  in- 
vestment costs.  The  RAD  cost  is  less  for  the  HP  sensor  alternative,  as  shown 
i.u  Table  VI- 1. 


6.1.2  Acquisition  Costs.  This  is  the  cost  required  to  procure  and 
stock  the  Army  elements  with  the  equipment,  spare  parts,  software,  etc.  , 
for  an  initial  operational  capability.  Subsequent  costa  are  covered  under 
life  cycle  costs.  The  acquisition  cost  of  using  all  HP  sensors  is  greater 
than  that  when  using  an  SCM.  (Table  VI-11). 

6.1.3  Life  Cycle  Costs.  These  costs  are  required  for  replacement  items, 
support  personnel,  management,  transportation  and  depot  maintenance.  Using 
the  SCM  and  LP  miniaensore  results  In  a life  cycle  cost  approximately  25 7, 
less  than  the  other  alternative  (Table  VI-111). 
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6.2  Performance  (see  Table  VI-IV), 


6.2.1  Spectrum  Utilized.  For  a given  message,  KP  sensors  require 
less  RF  emission  bandwidth  within  the  RF  spectrum  than  minisensors  with 
an  SCM.  This  is  due  to  the  more  stable  oscillators  (+  5 ppm  instability) 
which  are  expected  to  be  used  in  HP  sensors.  In  contrast,  the  oscil- 
lator instability  of  minisensors  may  be  as  large  as  + 40  ppm.  However, 
the  transmission  range  of  LP  minisensors  is  very  short,  less  than  1/2  km, 
and  therefore  instabilities  would  not  create  a great  problem.  The  same 
allocated  communication  band  would  be  used  by  SCM,  LP  minisensors,  and 
HP  sensors. 


6.2.2  Vulnerability.  The  problem  of  vulnerability  to  enemy  counter- 
measures is  examined  from  two  points  of  view:  a)  ease  of  intercept} and 

b)  ease  of  jamming.  The  minisensors  would  be  less  susceptible  to  intercept 
since  their  output  power  is  only  on  the  order  of  250  W,  aa  compared  with 
HP  sensors  which  have  an  output  power  of  4 to  5 W.  From  the  intercept 
point  of  view,  the  minisensors  would  receive  a somewhat  higher  relative  rank- 
ing. However,  jamming  of  the  LP  mini  sensor  transmissions  at  the  SCM  receiver 
is  a problem  which  is  more  or  less  like  that  of  the  UCR  and  repeater.  LP 
miniaensor  t/anemitter  output  is  low  but  transmission  range  is  short  - less 
than  1/2  km.  Like  a repeater,  the  SCM,  would  have  a transmission  range  of 
15  to  30  km.  A signal  arriving  at  the  UCR  would  not  be  much  different  in 
level  whether  it  originated  from  an  SCM  or  a HP  sensor.  If  HP  sensors  were 
used  exclusively,  some  would  undoubtedly  be  deployed  at  a somewhat  closer 
distance  t(  the  UCR,  affording  slight  improvement  in  signal  strength.  Con- 
sidering both  intercept  and  jamming,  both  alternatives  would  rank  the  same. 

6.2.3  Classification  Capability.  The  overall  system  problem  of 
classification  has  been  considered  in  examining  degree  of  classification  at 
the  SCM.  If  PEWS  type  sensors  were  employed  with  an  SCM,  a two  class  classi- 
fier, personnel  or  vehicles,  is  already  a feature  of  the  aensor.  It  should 
be  noted  that  the  PEWS  sensors  are  of  two  varieties,  each  containing  three 
types  of  detection,  providing  information  to  logic  circuits  which  perform  the 
classification.  To  accomplish  classification  when  REMBASS  LP  sensors  are 
used,  two  choices  exist: 

a.  Incorpora.  : several  modes  of  detection  in  one  sensor  with  logic 
circuitry,  as  in  IEWS.  This  would  add  to  the  cost  of  an  already  expensive 
sensor  with  no  rdded  capability  over  that  of  the  existing  PEWS  type  (classify- 
ing LP  sensors  are  approximately  50%  more  expensive  than  detecting  types) ; 

b.  Employ  a similar  processing  scheme  in  the  SCM  which  would  analyze  data 
from  several  sensors  to  make  a determination.  Once  again,  the  rather  expensive 
LP  sensors  would  be  used,  and  in  fact,  must  be  used  in  multiple.  Again,  no 
advantage  is  gained  over  PEWS.  To  extend  the  classification  capability  of 

the  simple  two-class  classifier  or  to  add  any  additional  classification  features 
to  PEWS  type  sensors  would  increase  3ize  and  weight  beyond  presently  allowed 
figures  for  that  type  sensor.  If  additional  classification  were  to  be  placed 
in  the  REMBASS  LP  sensor,  cost  and  °ize  would  be  added  to  an  already  expensive 
large  unit.  Placing  classification  logic,  such  as  that  which  might  be  used 
in  the  sensors,  in  the  SCM  wou) d not  gain  anything  functionally  or  in  performance. 
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If  additional  processing  were  to  be  used  in  the  SCM  for  gaining  more 
information  than  can  be  had  simply  from  individual  sensors,  such  as 
velocity,  direction,  and  count,  the  processor  could  be  built.  However, 
these  parameters  would  of  necessity  require  the  SCM  to  contain  still 
more  information  such  as  position  location  data  for  each  sensor  associated 
with  it.  Such  quantities  of  information  become  out  of  proportion  for  a 
unit  the  size  cf  an  SCM  which  is  also  situated  near  enemy  activity.  This 
processing  must  be  located  at  the  SRU. 

6.3  Versatility  (see  Table  Vl-V). 

6.3.1  Ease  of  Emplacement.  To  accomplish  a given  mission,  a number 
of  sensors  may  be  assumed  (e.  g. , f ive , and  a comparison  made  between  HP 
sensors  and  LP  sensors  with  SCM).  While  the  LP  minisensors  are  lighter  and 
smaller  compared  with  HP  sensors,  their  deployment  requires  the  use  of 

an  SCM  as  well.  As  a LP  minisencor  measures  approximately  6x4x2  in.  and 
waighB  about  2 lbs,  5 units  would  occupy  240  cu.  in. » and  weight  10  lbs. 

Adding  the  weight  and  size  of  an  SCM,  about  7 lbs.  and  210  cu.  in.,  this 
combines  to  a total  weight  and  volume  of  450  cu.  in.  and  17  lbs.  By  com- 
parison, 5 typical  hand  emplaced  HP  ‘,'»nsors  with  simple  classification 
would  probably  exceed  these  figures  by  about  50%  in  weight  and  about  200% 
in  size.  This  is  based  on  an  estimate  of  5 lbs.  and  250  cu.  in.  for  a simple 
HP  sensor.  The  SCM  with  Its  sensors  would  therefore  have  a slight  advantage 
in  terms  of  ease  of  emplacement. 

6.3.2  Ease  cf  Performing  Subsystem  Checkout.  Some  HP  sensors  will  be 
commendable,  which  feature  can  be  used  to  provide  self-check  of  a sensor. 
However,  the  LP  minisenaors  have  no  receiver  and  are  therefore  not  capable 
of  receiving  commands.  These  seniors  could  not  be  self-checked  by  remote 
means.  A pre-programmed  periodic  sel f check  could  be  used,  but  then  would 
be  somewhat  added  complexity,  powur  drrin,  size,  and  cost.  After  emplace- 
ment, either  alternative  would  probably  simply  depend  on  reliability  rather 
than  a checkout  scheme.  Checkout  prior  to  emplacement  would  be  in  favor  of 
the  HP  sensor  alternative  because  it  does  not  have  the  SCM  a*  an  additional 
piece  of  equipment  to  test. 

6.3.3  Subsystem  Interoperability.  Although  the  PEWS  sensor n are  not 

a part  of  REMBASS,  it  would  be  advantageous  from  logistics  and  ecoriotn.lcr> 
points  of  view  to  allow  interoperation  of  PEWS  sensors  with  REMBASS , (l.c.  , 
as  minisensors).  The  application  of  PEWS  sensors  to  REMBASS  is  nor  o feas- 
ible consideration.  The  present  RF  transmission  character JLat i-cs  are  net 
compatible:  moduetion  message  format  are  two  significant  differences. 

For  this  reason,  relative  ranking  of  this  criterion  rs  rat ad  5. 

6.4  Schedule  and  Risk.  Whether  an  SCM  with  LP  sensors  Ls  employed 
or  not,  HP  sensors  of  several  types  must  be  used.  The  utilization  of  an 
SCM  with  LP  sensors  would  require  the  development  and  production  of  additional 
elements  for  REMBASS.  Although  r-.o  r.lgnif leant  risks  we  ld  be  involved,  the 
aggregate  of  HP  sensors,  LP  sensors,  and  SCM  would  rate  a louf  ranking  for 
schedule  and  risk  that,  for  HP  sensor/?  alone  (see  Table  VI-VI) . 
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6.5  Logistic...  Table  VX-VLl  depicts  the  relative  rating  for  the 
vorlous  factor,  of  of  lim  „U1  be  required 

£oc  subsystem. 

6.5.1  % ^.“w't 

on  of  more  types  of  repair  parts  to 

inventory.  ^ ^ SCM  ulth  U>  mlnlsensors 

6.5.3  I«KJaaiE5SSl^SHipi^  beyo„d  th.e  which  is  necessary 

should  nor  require  additional  west  q 
for  HP  sensors. 

matrix  of  the  evaluation  data  an 
6.6  Table  V1-V1II  is  a summary  matrix  o 

Table  VI- IX  gives  a cost  analysis. 
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TABLE  Vi- 1 


RELATIVE  RANKING  FOR  ESTIMATED  R&D  COSTS 


Alternative 

Estimated 
R&D  Co.-»ta 

Ranking 

H P Sensors 

5.46  M 

10 

Both  H P Sensors 
& SCM/LP  Minisansors 

8.97  M 

7 

TABLE  VI  - ii 

RELATIVE  RANKING  FOR  ACQUISITION  COSTS 


Alternative 

Acquisition 

Costs 

Ranking 

H P Sensors 

15.7  M 

7 

Both  H P Sensors 
& SCM/LP  Minisensors 

10  M 

10 

TABLE  VI  -III 

RELATIVE  RANKING  FOR  LIFE  CYCLE  SUPPORT  COSTS 


Alternative 

Life  Cycle  Support 
Costs 

Ra  nking 

H P Sentors 

35.6  M 

7 

Both  H P Sensors 
& SCM/LP  Minisensors 

24.4  M 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  III,  paragraph 

7.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  aud  discussions  presented 
in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except  that 

the  basic  data  presented  in  this  section  are  applicable.  The  nominal, 
maximum,  and  minimum  values  of  the  weighting  factors  used  are  given  in 
Table  VI-X.  Table  VI-XI  lists  the  evaluation  scores  for  each  alternative 
and  evaluation  criterion,  together  with  the  weighting  factor  for  each 
evaluation  criterion.  The  evaluation  scores  in  this  table  are  accurate 
to  two  significant  figures.  The  last  column  is  the  evaluation  rating  or 
weighted  score  for  each  alternative. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  resultant 
evaluation  scores  and  their  ranks,  based  on  nominal  values,  derived  by  each 
of  the  four  analytical  techniques  are  shown  in  Table  VI-XII. 

7.3  Comparison  of  Results  - Nominal  Values.  From  Table  VI-XII, 
Alternatives  A and  B are  ranked  so  closely  (with  the  exception  of  the 
Multiplicative  Technique)  that  no  clear  difference  exists  between  them. 

An  examination  of  Tables  VI-X  and  VI-XI  indicates  that  for  the  three  top 
rated  criteria  (I, II, III),  B outranked  A in  I and  III  but  was  second  in 
criterion  II.  However,  in  both  remaining  criteria,  which  have  a combined 
rating  higher  than  either,  I,  II,  or  III,  A outranked  B.  Therefore,  the 
composite  ER  values  are  inconclusive  with  regard  to  the  selection  of  a 
top  ranked  alternative. 
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TABLE  VI-X. 
WEIGHTING  FACTORS 


NOMINAL 


WEIGHT 


2 Acquisition] 

' 5 “ Support  f""  : " 

IT  PERFORMANCE..  ....  _ 

j—  Spectrum  Utilization) 

' P ECM  Vulnerability]”  , 

— —y  Classification  Capability) 

iii  v t r sajiuTL  ..._ ; 

j-  Ease  of  Employment!  

2 Ease  of  Performing  Checkout 
3 - Subsystem  Interchangabil ity 

iv  schebuue  t 

v  trOGl'AT3C'8i__. ^_z~" 

1 Maintenance  Skills] 

2-Kepair  Parts  ~ ■ ■ - 

3 Test  Equipment) 


,2500 


.‘2125 


1 0 6 0 


.5500 


- IV  v 

*«12S 


,3125 


*3*»58. 

\3333~ 

.3208 


.*1875  .3625 


.1625 


*0750 


Lllltl 
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EVALUATION  SCORES 


I 


i ■ 
« '(Y 


I.  COST  (.2500) 

1.  RSD  (.2375) 

2.  Acquisition  (.3500) 

3.  Support  (.4125) 

XI.  PERFORMANCE  (.2500) 

1.  spectrum  Utilization  (.3000) 

2.  ECM  Vulnerability  (.4125) 

3.  Classification  Capability  (.2875) 

III.  VERSATILITY  (.2125) 

1.  Ease  of  Employment  (.4125) 

2.  Ease  of  Performing  Checkout  (.3125) 

3.  Subsystem  Interchangability  (.2750) 

IV.  SCHEDULE  (.1000) 

V.  LOGISTICS  (.1875) 

1.  Maintenance  Skills  (.3458) 

2.  Repair  Parts  (.3333) 

3.  Test  Equipment  (.3208) 
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8.0  SENSITIVITY  ANALYSIS 

The  procedures  and  discussions  presented  in  Section  III,  paragraph  8.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this 
section  are  applicable. 

8.1  Sensitivity  Study  Using  The  Additive  Weighting  Technique.  First 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 

The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the 
additive  technique  served  as  the  base  set  of  values.  Then  10  additional 
sets  of  evaluation  ratings  were  calculated  using  maximum  and  minimum 
weighting  factors  for  each  of  the  5 major  evaluation  criteria.  When  the 
weighting  factor  for  one  major  evaluation  criteria  was  changed  to  maximum 
or  minimum,  all  other  major  criterion  weighting  factors  were  adjusted  pro- 
portionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted  in 
Figure  6-3.  The  weighted  score  or  evaluation  rating  is  plotted  against  the 
major  criteria  weight  combination  used  in  the  calculation.  An  examination 
of  Figure  6-3  reveals  that  neither  alternative  clearly  ranked  first. 
Alternative  A achieved  five  first  place  rankings  to  six  for  B.  Although 
B also  attained  a greater  ER  average  than  A,  the  ER  r-argin  was  not  large 
enough  to  award  B the  first  place  ranking. 

8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the  same 
way  that  the  additive  sensitivity  study  was  conducted.  A total  of  44  sensi- 
tivity runs  were  made  for  the  analysis.  These  runs  showed  that  employing 
the  RMS  and  Logarithmic  Techniques,  A outranked  B in  all  but  one  run. 

However,  the  ER  margin  was  extremely  small  and,  therefore,  not  sufficient 

to  declare  A as  being  ranked  first.  Conversely,  employing  the  multiplicative 
technique,  B significantly  outranked  A for  all  runs.  The  above  data  is  con- 
tained in  Tables  Vl-XIIJ  through  VI-XVII. 


For  computer  computational  purposes,  those  alternatives  which  received 
zero  valued  relative  scores  were  arbitrarily  assigned  near  zero  values. 
Hence.,  in  Alternative  A (HP  sensors  only) , the  overall  scores  shown  in 
the  multiplicative  column  of  Tables  VI-XIII  through  VI-XVIIII  are 
in  reality  zeros. 

The  summary  of  all  results,  Table  VI-XVIII  for  nominal  and  minimum/ 
maximum  weighting  factor  variations  processed  via  all  four  calculation 
techniques,  shows  no  decisive  preference  for  either  alternative. 
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TABLE  VI- XV 


OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  VERSATILITY  FACTOR 
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TABLE  VI-XVL 


OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  SCHEDULE  FACTORS 
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9.0  CONCLUSIONS 

The  relative  ranking  of  the  two  alternatives , based  on  the  weighted 
and  sensitivity  analyses,  was  not  conclusive.  This  could  be  due  to 
several  factors:  a)  the  alternatives  are  equally  capable  of  providing 

the  operational  requirements;  b)  the  weighting  factors  applied  to  the 
criteria  are  quectlonable;  or  c)  the  set  of  evaluation  criteria  13  not 
sufficient  or  complete. 

10 . 0 RECOMMENDATIONS 

Based  on  the  inconclusive  results  of  the  evaluation,  no  recommendation 
is  made.  If  the  possible  use  of  a SCM  with  LP  mini-sensors  is  still 
considered  a viable  alternative ; additional  evaluation  with  other 
criteria  should  be  considered. 
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SECTION  VI X 

ENGINEERING  ANALYSIS  6 
NUMBER  OF  CHANNELS  FOR  REPEATER 


(..0  SUMMARY 

This  analysis  address ii  the  number  of  channels  required  for  each 
rad, o repeater  that  will  be  used  In  the  REMBASP  Data  Transmission  Subsystem 
(DTf),  The  alternatives  were  evaluated  against  a specific  set  of  criteria; 
coat,  physical  characteristics,  technical  risk,  performance,  logistics* 
and  versatility.  The  analysis  concluded  tnat  single  channel  repeaters 
consistently  reused  first.  Tho  team  recommended  that  the  single  channel 
repeaters  be  developed,  and  that  deal  channel  repeaters  be  developed 
for  special  applications . 


2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems.  For 
each  of  these  subsystems,  several  different  alternative  designs  are 
possible  which  will  provide  the  system  operational  and  functional  acquire- 
ments of  REMBASS  within  certain  constraints.  It  is  presumed  that  one 
of  these  alternatives  will  provide  an  optimum  REMBASS  system.  To  make 
this  choic?.  all  alternatives  are  described,  tvaluated,  and  analyzed  again,- t 
common  criteria  and  one  or  more  possible  alternatives  are  relented  as 
candidates  for  final  system  evaluation. 

This  report  is  concerned  with  facts  related  to  optimization  of  the 
REMBASS  repeater  and  in  particular  with  providing  bacic  information 
needed  to  establish  the  number  of  channels  a repeater  should  have. 

3.0  STATEMENT  OF  THE  PROBLEM 

Extended  ranges  or  masking  terrain  features  will  impose  line-of-sight. 
restrictions  on  a sensor- to~readout  terminal  RF  link,  To  overcome  the 
RF  path  restrictions,  one  or  more  radio  repeaters  will  be  required. 

The  tactical  situation  will  frequently  require  the  deployment  of 
two  or  more  sensor  fields,  and  technical  considerations  will  dictate 
separate  RF  links  (channels)  for  each  field;  terrain  topology,  however, 
may  provide  only  one  location  for  repeater  emplacement.  Figure  7-1  depicts 
two  single  channel  repeaters  retransmitting  sensor  data  from  ;wo  sensor 
fields.  Figure  7-2  shown  an  alternative  solution  using  one  dual  charnel 
repeater  to  retransmit  sensor  data  from  the  same  two  censor  fields. 

This  engineering  analysis  will  consider  the  relative  merit  j of  x-sing 
all  single  channel,  all  dual  channel  or  both  single  and  dual  channel, 
repeaters  for  REMBASS  and  evaluate  these  against  common  criteria. 
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4.0  ALTERNATIVES 

Three  alternatives  for  satisfying  the  REMBASS  repeater  requirements 
are  analyzed  to  determine  what  type  of  repeaters  are  to  be  built.  The 
three  alternatives  are: 

a)  Single  Channel  Repeaters 

b)  Dual  Chi  anel  Repeaters 

c)  Dual  4 Single  Channel  Repeaters 

4.1  Single  Channel  Repeaters.  A single  channel  repeater  is  capable 

of  retransmitting  both  commands  and  sensor  data  from  sensors,  sensor  control 
modules,  other  repeaters,  or  a command  transmitter  and  contains  only  one 
receiving  and  one  transmitting  frequency.  Additional  single  channel  re- 
peaters would  be  required  to  retransmit  command  and  sensor  data  to  and 
from  sensor  strings  In  the  event  that  an  additional  RF  channel  for  the 
sensor  string  is  desired  to  provide  greater  reliability  against  enemy 
jaumiing.  Single  channel  repeatei*.  may  be  hand  or  air  emplaced  or  operated 
f.-ora  an  airborn  platform  and  may  be  designed  to  retransmit  either  digital, 
analog,  or  a mix  of  both  types  of  data. 

4.2  Dual  Channel  Repeaters.  A dual  channel  repeater  i3  capable  of 
retransmitting  commands  and  Gensor  data  on  two  RE  channels  simultaneously. 
The  dual  channel  repeater  is  essentially  two  single  channel  repeaters 
packaged  in  one  container.  For  a REMBASS  consisting  entirely  of  dual 
channel  repeaters,  a dual  channel  repeater  must  be  deployed  even  though 
only  one  RF  channel  is  required.  The  dual  channel  repeater  may  be  hand 

or  air  emplaced,  or  operated  from  an  airborne  platform  and  may  be  designed 
to  retransmit  either  two  digital  RF  channels,  two  analog  RF  channels,  or 
one  analog  and  one  digital  RF  channel. 

4.3  Dual  and  Singlz  Channel  Repeaters.  Both  single  and  dual  channel 
repeaters  are  built  for  REMBASS.  The  capabilities  of  the  repeaters  are 
identical  to  those  stated  for  the  preceding  alternatives.  This  alternative 
benefits  from  the  operational  advantages  of  using  the  single  or  dual  channel 
repeater  where  best  suited,  with  the  principal  disadvantage  of  requiring 
two  types  of  repeaters  to  be  developed  and  later  maintained  in  the  field. 


5. G CRITERIA 

5.1  General . The  criteria  which  will  be  used  in  the  comparative 
evaluation  of  the  alternatives  associated  with  this  engineering  analysis  are 
defined  in  this  section,  in  paragraph  6.0  each  a lternative’  is  evaluated  against 
these  criteria.  Then  each  alternative  is  ranked  against  other  alternatives  for 
each  criterion  and  a relative  ranking  is  presented  for  each  major 
criterion.  This  data  will  be  used  In  paragraph  7.0  to  make  a comparative 
analysis  of  the  alternatives  to  determine  which  most  nearly  meets  the 
REMBASS  requirements. 
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SENSOR 


FIGURE  7-2  DUAL-CHANNEL  REPEATER 


5.2  Costa.  Coats  for  each  alternative  are  estimated  to  include  all 
coses  from  engineering  development,  initial  purchase,  and  supply  of  each 
Amy  element  with  the  required  system  components,  to  the  continued  resupply 
of  equluments,  with  supporting  costs,  for  the  expected  life  cycle  of  the 
system. 


5.2.1  RSD  Costs.  This  is  the  cost  required  to  develop  and  test  the 
device  to  the  point  where  initial  production  may  begin.  Extending  the 
state-of-the-art  of  a required  capability  may  be  required  in  some  cases. 

5.2.2  Acquisition  Coats.  This  is  the  cost  required  to  procure  and 
stock  the  required  Army  elements  (Division,  Battalion,  etc.),  with  the 
equipment,  spare  parts,  software,  etc.,  for  an  initial  operational  capa- 
bility. Subsequent  coots  are  covered  under  life  cycle  support  costs. 

5.2.3  Life  Cycle  Support  Costs.  These  costs  are  required  for  re- 
placement items,  support  personnel,  management,  transportation,  and  depot 
maintenance. 

5.3  Physical  Characteristics.  The  physical  dimensions  of  the  repeater 
are  critical,  not  only  for  hand  carrying  ability  but  also  because  of  the 
requirement  to  drop  repeaters  from  available  aircraft  dispensers  such  as 
the  SUU-42. 


5.3.1  Weight.  The  constraint  on  weight  is  a significant  criterion 
for  hand  emplaced  sensors  and  is  limited  by  the  Material  Need  (MN),  to 
25  lbs. 


5.3.2  Volume.  Along  with  size,  the  volume  of  the  repeater  may  deter- 
mine its  ability  to  be  used  in  certain  aircraft  dispensers. 

5.4  Development  Rink.  Development  risk  is  estimated  to  determine 
the  extent  of  development  required  and  the  probability  of  successfully 
acquiring  a particular  repeater  alternative. 

5.5  Performance. 

5.5.1  Receiver  Sensitivity.  The  sensitivity  of  a receiver  for  a 
fixed  error  rate  may  be  effected  by  the  insertion  lous  due  to  the  additional 
filtering  required  to  eliminate  transmitter  interference  inherent  in  packaging 
two  repeaters  in  one  enclosure.  In  addition,  some  receiver  destnaitizatlon 
may  occur  when  either  transmitter  in  the  package  is  retransmitting  a message. 

5.5.2  ECM  Vulnerability.  This  is  a measure  of  the  vulnerability  of 
a particular  type  of  repeater  to  a jamming  or  countermeasure  environment. 

5.5.3  Energy  Requirements.  Since  the  repeaters  will  generally  be 
required  to  operate  from  batteries,  the  amount  of  energy  required  is  a 
significant  criterion  for  evaluating  alternatives. 
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5- 5. A Spectrum  Utilization.  This  criteria  relates  to  the  effective- 
ness with  which  a particular  alternative  uses  the  assigned  frequency  band. 


5.6  Logistics.  The  logistics  aspect  of  each  alternative  is  evaluated 
in  terms  of  the  maintenance  skills,  repair  parts,  and  special  test  equip- 
ment required. 


5.6.1  Test  Equipment.  The  special  equipment  needed  to  properly 
support  a given  repeater  in  the  field. 


5.6.2  Repair  Parts.  The  number  of  unique  components  necessary  to 
support  a repeater  in  the  field  in  case  of  failure  or  malfunction. 

5.6.3  Maintenance.  Skills.  The  special  technical  skills  required 
of  support  personnel  in  the  field. 

5.6.4  Equipment  Adjustments.  The  special  adjustments  required 
t:o  operate  and  maintain  the  equipment. 

5.7  Versatility.  The  versatility  criteria  is  subjective  in  nature 
and  considers  the  deployment  and  operational  flexibility  of  the  alterna- 
tives . 


6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6.1  General.  The  MN  specifies  that  both  eingle  and  dual  channel 
repeaters  shall  be  built.  However,  the  requirements  to  retransmit  one 
or  two  RF  channels  could  be  satisfied  by  using  any  of  three  alternatives 


respectively: 

Alternative 

One  RF  channel 

Two  RF  channels 

a)  Single  channel 

one  single  channel 
repeater 

two  single  channel 
repeaters 

b)  Dual  channel 

one  dual  channel 
repeater 

one  dual  channel 
repeater 

c)  Both 

one  single  channel 
repeater 

one  dual  channel 
repeater 

This  evaluation  will  consider  the  criteria  which  impact  on  what  type 
of  repeaters  are  to  be  built. 
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I 6.2  Costa.  Costs  are  based  on  the  information  provided  in  the 

I REMBASS  "Baseline  Cost  Eatimate"  (BCE)  dated  Feb  1973.  The  quantity 

breakout  for  a 13  division  force  has  been  modified  to  eliminate  ballis- 
tically  emplaced  repeuters  and  apportion  the  quantity  to  other  type 
j repeaters. 

i 

57  per  div, 
x!3  divisions 
74! 

Total  Number  of  +20%  for  Training  and  Pipeline 

| Repeaters  Required  889 

j Rounded  to  900  112  dual  channel 

I 788  single  channel 

j Of  the  900  total  repeaters  required  to  be  procured,  the  REMBASS  BCE 

designated  112  as  dual  channel  repeaters  and  788  as  single  channel  re- 
i peaters.  These  quantities  of  single  and  dual  channel  repeaters  are  the 

basis  of  the  cost  estimates  for  the  alternative  including  both  repeaters. 

I A total  of  1012  single  channel  repeaters  are  required  for  the  all  single 

channel  REMBASS  alternative.  The  quantity  was  obtained  by  assuming  that 
each  dual  channel  repeater  required  in  the  BCE  would  be  replaced  by  two  single 
channel  repeaters.  This  is  found  by  the  following: 

i (112  DC  X 2)  + 788SC  “ 1012  Single  Channel  Repeaters 

, A total  of  703  dual  channel  repeaters  are  required  for  the  all  dual 

1 channel  REMBASS  alternative.  This  quantity  was  obtained  by  assuming  that 

half  of  the  single  channel  repeaters  required  in  the  BCE  would  be  replaced 

, by  dual  channel  repeaters  on  a basis  of  one  dual  channel  repeater  for 

1 two  single  channel  repeaters  with  both  channels  operational  when  deployed. 

The  remaining  half  of  the  single  channel  repeaters  would  be  replaced  by 
dual  channel  repeaters  on  a one  for  one  basis,  on  the  assumption  that  a 
, need  for  retransmitting  only  one  RF  channel  will  exist  even  though  only 

dual  channel  repeater's  will  be  built.  This  is  found  by  the  following: 

r (1/2  788  SC)  (1/2)  + 1/2  (788  SC)  + 112  DC  - 703  Dual  Channel  Repeaters 

v 6.2.1  R&D  Costs.  R&D  costs  include  the  in-house  and  contractor  de- 

f;  velopment  costs  up  to  first  article  production.  As  shown  in  Table  VII-I, 

R&D  coats  for  the  alternative  consisting  of  both  dual  and  single  channel 
ji  repeaters  is  most  expensive  simply  because  both  types  of  repeaters 

!.  must  be  developed. 


TA1  jE  VII  - I 

RELATIVE  RANKING  FOR  ESTIMATED  R&D  COSTS 


Alternative 

Estimated 
R&D  Costs* 

Ranking 

Both  Dual  & Single  Channel 

Dual  1,960.8 

5 

112  + 788  - 900  units 

Single  1,510.1 
3,470.9 

All  Single  Channel 
1012  units 

1,510.1 

10 

All  Dual  Channel 
703  units 

1,960.8 

8 

*Cost  in  1,000  dollars 


6.2.2  Acquisition  Cost.  As  indicated  in  Annex  B of  BCE,  the 
acquisition  costs  represent  hardware,  spare  and  repair  parts,  training, 
production  engineering,  and  PMO  costs.  Table  VII-II  is  a summary  of 
acquisition  costs  for  the  various  alternatives.  As  shown,  the  alter- 
native for  all  dual  channel  repeaters  is  estimated  as  most  expensive 
primarily  because  the  dual  unit  costs  more  than  a single  channel  repeater 
and  the  associated  costa  that  comprise  the  acquisition  costs  are  based 
on  per  unit  costs. 


TABLE  VII  - II 

RELATIVE  RANKING  FOR  ESTIMATED  ACQUISITION  COSTS 


Alternative 

Estimated 

Acquisition  Costs* 

Ranking 

Both  Dual  & Single  Channel 
112  + 788  - 900  units 

Dual  239.8 

Single  896.1 

1,135.9 

10 

All  Single  Channel 
1012  units 

1,150.8 

10 

All  Dual  Channel 
703  units 

1,504.9 

7.5 

*Cost  in  1,000  dollars 


6.2.3  Life  Cycle  Support  Costs.  Life  cycle  support  costs  consist 
of  the  following:  crew  and  maintenance  personnel,  consumption/replacement. 

Integrated  Logistic  Support  (ILS),  transportation,  and  depot  maintenance. 
Table  VII-1.II  is  a summary  of  the  life  cycle  support  costs  for  a 10  year 
life  cycle  for  a 13  division  force.  An  interesting  result  is  that  the  life 
cycle  support  costs  for  the  three  alternatives  are  similar. 
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TABLE  VII-III 

RELATIVE  RANKING  FOR  ESTIMATED  LIFE  CYCLE  SUPPORT  COSTS 


Alternative 

Estimated  Life  * 

Cycle  Support  Costs 

Ranking 

Both  Dual  & Sihgle  Channel 
112  + 788  - 900  units 

Dual  1,137.1 

Single  5,133.9 
6,271.0 

10 

All  Single  Channel 
1012  units 

6,593.0 

9.2 

All  Dual  Channel 
703  units 

7,137.1 

8.8 

*Cost  in  1,000  dollars 

6.3  Physical  Cheracteriatica.  Section  IV,  paragraph  11.0,  engineering 
analysis  3 entitled  "Repeater  Configuration"  lists  the  total  electronic 
and  battery  weight,  and  volume  for  different  types  of  single  channel  repeaters. 
Table  VI-IV  indicates  the  estimated  range  of  weights  and  volumes  for  the 
alternative  repeater  types.  Estimates  are  indicated  for  repeaters  using 
lithium  and  also  alkaline  batteries  because  of  the  great  difference  between 
the  characteristics  of  the  two  types  of  batteries.  A dual  channel  repeater 
may  be  built  within  the  limitations  on  weight  and  volume  imposed  by  the 
REMEASS  MN  if  maximum  use  is  made  of  LSI  technology,  and  lithium  batteries 
are  used.  If  alkaline  batteries  are  used  instead  of  lithium,  a dual  channel 
repeater  may  weigh  more  than  32  lbs.  However,  use  of  either  battery  in  a 
dual  channel  repeater  would  not  result  in,  a volume  greater  than  the  MN 
requirements. 


TABLE  VII-  IV 

RELATIVE  RATING  OF  WEIGHT  AND  VOLUME 
ESTIMATES  FOR  REPEATER  ALTERNATIVES 


Alternative 

Volume 

Weight 

Rating 

Single  Channel 

Lithium 

45-110  in3 

8-14  lbs 

10 

Alkaline 

111-225  in3 

19-34  lbs 

5 

Dual  Channel 

Lithium 

90-220  in3 

16-28  lbs 

7 

Alkaline 

222-450  in3 

32-56  lbs 

2 

Both 

Worst  Case  is 

same  as 

Dual  Channel 

Lithium 

7 

Alkaline 

2 

2 26 


MV-uJ-emk  lAj.  '•'•■•fiiiklai'i1!'! 


6.4  Development  Risk.  While  the  choice  of  transmission  technique  will 
be  the  overriding  factor  determining  the  amount  of  risk  in  building  a REMBASS 
repeater,  a relative  rating  can  be  applied  to  dual  and  single  channel  .re- 
peaters. 'fable  VII-V  provides  relative  rating  of  immunity  to  risk  for  the 
three  alternatives.  Ratings  are  based  on  extrapolating  known  technology 
for  the  present  Phase  III  single  channel  repeater  into  the  REMBASS  single 
and  dual  channel  repeaters. 


TABLE  VII-V 

RELATIVE  RATING  OF  IMMUNITY  TO  DEVELOPMENT  RISK 


Alternative 

Relative  Risk 
Immunity 

Single  Channel 

minimal 

Dual  Channel 

moderate 

Both 

apply  worst  case 
dual  - moderate 

6.5  Performance. 

6.5.1  Receiver  Sensitivity.  Due  to  the  added  requirement  of 
increased  filtering  necessary  to  “educe  mutual  interference  caused  by 
packaging  two  repeaters  In  one  enclosure,  it  appears  that  u reduction  of 
1 to  3 dB  in  receiver  sensitivity  for  a fixed  error  rate  may  be  ex- 
perienced by  a dual  channel  repeater. 

6.5.2  Electronic  Countermeasure  (EGM)  Vulnerability.  It  is  assumed 
that  any  enemy  ECM  targeted  against  REMBASS  repeater  would  effect  both  single 
and  dual  channel  repeaters  equally.  This  is  because  both  repeaters  retrans- 
mit on  RF  channels  which  are  equivalent  and  the  repeaters  have  similar  perfor- 
mance. 

6.5.3  Energy  Requirements.  A dual  channel  repeater  will  require 
morn  battery  power  than  a single  channel  repeater  because  it  consists  of 
almost  two  complete  single  channel  repeaters.  However,  when  two  single 
channel  repeaters  are  deployed  to  replace  a dual  channel  repeater  the 

total  battery  requirements  for  the  two  single  units  will  be  slightly  greater 
than  that  for  one  dual  channel  repeater. 

6.5.4  Spectrum  Utilization.  Since,  the  three  alternatives  compare 
types  of  repeaters  that  may  be  built,  there  is  no  change  or  savings  in 
spectrum  utilization  when  two  single  channel  repeaters  replace  one  dual 
channel  repeater  or  vice  versa.  Table  VH-VI  indicates  the  relative  per- 
formance rankings  for  sensitivity,  vulnerability,  energy,  and  spectrum 
utilization  for  the  three  alternatives.  In  addition  a final  relative 
performance  ranking  for  each  alternative  is  listed. 
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TABLE  VII  -VI 


RELATIVE  PERFORMANCE 
RANKS  FOR  THE  REPEATER  ALTERNATIVES 


Alternate 

Sensitivity 

ECM 

Vulnerability 

Energy 

Requirements 

Spectrum 

Utilization 

All  Single 
Channel 

10 

10 

9.5 

10 

All  Dual 
Channel 

9/5 

10 

10 

10 

Both 

Repeaters 

9/5 

10 

9.5 

10 

6.6  Logistics. 

6.6.1  Test  Equipment  Required.  Jt  appears  that  the  test  equipment 
requirements  for  the  dual  and  single  channel  repeaters  would  not  differ 
significantly.  The  minor  impact  is  due  primarily  to  the  fact  that  most 
test  equipment  will  be  of  the  Go,  No-Go  type. 

6.6.2  Repair  Parts  Required.  Depending  on  the  packaging  configuration, 
the  dual  channel  repeater  will  require  a slightly  larger  quantity  of  repair 
parts,  some  of  which  may  be  unique  to  the  dual  channel  repeater,  such  as 
antenna  comblnecs/preampliflers. 

6.6.3  Maintenance  Skills  Required.  For  each  category  of  maintenance, 
it  appears  only  minor  differences  in  maintenance  skill  levels  will  be  re- 
quired for  the  dual  and  single  channel  repeaters. 

6.6.4  Equipment  Adjustments  Required.  Negligible  equipment  adjustments 
should  be  required  for  either  the  single  or  dual  channel  repeaters.  Note: 

A repeater  must  be  designed  so  that  it  can  satisfactorily  operate  when 
colocated  with  other  repeaters.  Army  experience  indicates  a mutual  inter- 
ference problem  exists  whenever  communications  repeaters  are  operated  in 
close  proximity.  This  mutual  interference  problem  is  similar  to  the  mutual 
interference  referred  to  earlier  when  describing  the  difficulties  in  packa- 
ging the  dual  channel  repeaters.  However,  the  isolation  required  to  eliminate 
mutual  interference  is  generally  easier  to  obtain  by  using  two  separate 
single  channel  repeaters.  Table  VII-VII  is  a summary  of  the  relative  log- 
istics rankings  and  the  relative  final  rank  for  each  of  the  'three  alter- 
natives. 
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6.7  Versatility.  The  most  versatile  alternative  is  building  both 
single  and  dual  channel  repeaters.  This  alternative  permits  optimum 
matching  of  the  type  of  repeater  to  the  number  of  RF  channels  required 
to  be  retransmitted  at  any  given  location.  It  is  also  the  most  econoni- 
cal  alternative  when  replacing  repeaters  that  become  inoperative  or  fail 
to  deploy  and  operate  after  being  air  dropped.  The  all  single  channel 

repeater  alternative  is  the  next  most  versatile  in  that  by  deploying 

single  units  any  number  of  RF  channels  may  be  retransmitted.  Also  indi- 
vidual repeaters  may  be  replaced  if  they  become  defective.  The  only 
disadvantage  is  a slight  inconvenience  when  two  RF  channels  are  to  be 
retransmitted.  This  is  because  two  single  channel  repeaters  must  be 
deployed  instead  of  one  dual  channel  repeater.  The  all  dual  channel 

repeater  alternative  is  the  least  versatile  in  that  the  capability  to 

retransmit  two  RF  channels  is  always  deployed  even  though  one  RF  channel 
may  be  required.  Also,  if  one  out  of  the  two  operating  RF  channels 
becomes  inoperable,  a dual  channel  repeater  must  be  deployed  to  replace 
the  single  RF  channel  that  became  inoperable.  Table  VII-VIII  is  the 
relative  versatility  ranking  for  the  alternative  repeaters. 


TABLE  VIT-  VIII 


Relative  Versatility  Ranking  of  Alternative  Repeaters 


Alternative 

Relative 

Versatility 

Ranking 

Single  Channel 

Slightly  less 
than  both 

9.5 

Dual  Channel 

Least 

7.0 

Both 

Most 

10 

|» 
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l 7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  III,  paragraph 
* - 7.0  apply  equally  to  this  section  except  that  the  basic  data  presented 

in  this  section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  pre— 

1  “ sented  in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except 

that  the  basic  data  presented  in  this  section  are  applicable.  The  nominal 
! maximum,  and  minimum  values  of  the  weighting  factors  used  are  given  in  ' 

; . Table  VII-X. 

Tables  VII-XI  and  V1I-XII  list  the  evaluation  scores  for  each  alterna- 
i tive  and  evaluation  criterion,  together  with  the  weighting  factor  for 

’ each  evaluation  criterion.  The  evaluation  scores  in  this  table  are 

accurate  to  two  significant  figures.  The  last  line  is  the  evaluation 
rating  or  weighted  score  for  each  alternative. 

i • 

This  initial  analysis  results  in  the  following  preference  listing 
of  the  alternatives: 

i : 

(A)  For  the  Lithium  Batteries 


RANK  ALTERNATIVE  ER 

1 All  Single  Channel  Repeaters  (A)  9.50 

2 Both  Dual  & Single  Channel  Repeaters (C)  8.37 

3 All  Dual  Channel  Repeaters  (B)  7.91 

(B)  For  the  Alkaline  Batteries 

RANK  ALTERNATIVE  ER 

1 All  Single  Channel  Repeaters  (A)  8.67 

2 Both  Dual  & Single  Channel  Repeaters (C)  7.54 

3 All  Dual  Channel  Repeaters  (B)  7,08 
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Sine a the  least  accurate  figures  In  the  calculation  are  accurate  to  two 
significant  figures,  the  evaluation  rating  given  here  is  accurate  to  two 
aignif leant  figures. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  111,  paragraph  7.2  Apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  is  applicable.  The  resultant 
evaluation  scores  and  their  ranks,  based  on  nominal  values,  derived  by 
each  of  the  four  analytical  techniques  are  shown  in  Tables  VII-XIII  and 
VII-XIV. 


7.3  Comparison  of  Results  - Nominal  Values.  From  Table  VII-XIII 
the  ER  values  and  alternative  rankings  showed  good  agreement  between  all 
of  the  four  calculation  techniques.  Alternative  A clearly  ranked  highest, 
with  C and  B second  and  third,  respectively.  In  addition,  a high  degree 
of  stability  existed  for  all  of  the  results.  From  Table  VII-XIV,  the  ER 
values  were  directly  proportional  to  those  of  Table  VII-XIII,  and  the 
alternative  rankings  were  the  same  as  shown  in  Table  VII-XIII.  These 
results  were  expected  since  the  data  in  Tables  VII-XI  and  VII-XII  are  the 
same  except  for  Criterion  II.  In  the  case  of  Criterion  II,  the  Table  VII-XI 
data  is  larger  than  Table  VII-XII  data  by  the  same  incremtnt  for  each  al- 
ternative; therefore,  it  is  obvious  that  all  further  analyses  would  indi- 
cate the  same  results  between  the  data  sets.  For  this  reason,  all  sub- 
sequent analyses  will  consider  only  the  data  set  for  Lithium  Batteries. 
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TABLE  V1I-X 
WEIGHTING  FACTORS 


CRITERION 

NOMINAL 

RANGE 

WEIGHT 

RANGE 

m% r 

f£B?or 

MINIMUM 

MAXIMUM 

I. 

COST 

.2500 

.2000 

.4167 

1.  RAD 

.2333 

2.  ACQUISITION 

.4167 

3.  LIFE  CYCLE  SUPPORT 

.3500 

II. 

PHYSICAL  CHARACTERISTICS 

.1667 

.1333 

.3167 

1.  VOLUME 

.5000 

2.  WEIGHT 

.5000 

III. 

TECHNICAL  RISK 

.1667 

.1167 

.2500 

IV. 

PERFORMANCE 

.2000 

.1500 

.3000 

l.  SENSITIVITY 

.1667 

2.  ECM  VULNERABILITY 

.4000 

3.  ENERGY  REQUIREMENTS 

.3000 

A.  SPECTRUM  UTILIZATION 

.1333 

V. 

LOGISTICS 

.1167 

.0833 

.1833 

1.  TEST  EQUIPMENT 

.2833 

2.  REPAIR  PARTS 

.2667 

3.  MAINTENANCE 

.2333 

4.  EQUIPMENT  ADJUSTMENT 

.2167 

VI. 

VERSATILITY 

.1000 

.0667 

.1833 
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TABLE  VII-XI 

EVALUATION  SCORES  FOR  REPEATERS  USING  LITHIUM  BATTERIES 


CRITERION 


A 

B 

w* 

1. 

COST  (.2500) 

1.  RAD  (.2333) 

10.0 

8.0 

5.0 

2.  ACQUISITION  (.4167) 

10.0 

7.5 

10.0 

3.  LIFE  CYCLE  SUPPORT  (. 3500) 

9.2 

8.8 

10.0 

II. 

PHYSICAL  CHARACTERISTICS  (.1667) 

1.  VOLUME  (.5000) 

10. 0 

;.o 

7.0 

2.  WEIGHT  (.5000) 

10.0 

7.0 

7.0 

III. 

TECHNICAL  RISK  (.1667) 

8.0 

6.0 

6.0 

IV. 

PERFORMANCE  (.2000) 

1.  SENSITIVITY  (.1667) 

10.0 

7.0 

7.0 

2.  ECM  VULNERABILITY  (.4000) 

10.0 

10. 0 

10.0 

3.  ENERGY  REQUIREMENTS  (.3000) 

9.5 

10.0 

9.5 

A.  SPECTRUM  UTILIZATION  (.1333) 

10. 0 

10.0 

10.0 

V. 

LOGISTICS  (.1167) 

1.  TEST  EQUIPMENT  (.2833) 

10.0 

10.0 

10.0 

2.  REPAIR  PARTS  (.2667) 

10. 0 

9.5 

9.5 

3.  MAINTENANCE  (.2333) 

10. 0 

10.0 

10.0 

4.  EQUIPMENT  ADJUSTMENT  (.2167) 

9.5 

9.0 

9.0 

VI. 

VERSATILITY  (.1000) 

9.5 

7.0 

10.0 

EVALUATION  RATING 
ALTERNATIVE  KEY 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  DOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 


TABLE  VII-XII 

EVALUATION  SCORES  FOR  REPEATERS  USING  ALKALINE  BATTER x S3 


A 

B 

C 

I. 

COST  (.2500) 

1.  R&D  (.2333) 

1C.0 

8.0 

5o0 

2.  ACQUISITION  (.4167) 

10.0 

7.5 

10.0 

3.  LIFE  CYCLE  SUPPORT  (. 3500) 

9.2 

8.8 

10.0 

II. 

PHYSICAL  CHARACTERISTICS  (.1667) 

1.  VOLUME  (.5000) 

5.0 

2.0 

2.0 

2.  WEIGHT  (.5000) 

5.0 

2.0 

2.0 

III. 

TECHNICAL  RISK  (.1667) 

8.0 

6.0 

6.0 

IV. 

PERFORMANCE  (.2000) 

1.  SENSITIVITY  (.1667) 

10.0 

7.0 

7.0 

2.  ECM  VULNERABILITY  (.4000) 

10.0 

10.0 

10.0 

3.  ENERGY  REQUIREMENTS  (.3000; 

9.5 

10. 0 

9.5 

4.  SPECTRUM  UTILIZATION  (.1333) 

10.0 

10. 0 

10.0 

V. 

LOGISTICS  (.1167) 

l.  TEST  EQUIPMENT  (.2833) 

10.0 

10.0 

10.0 

2.  REPAIR  PARTS  (.2667) 

10.0 

9.5 

9.5 

3.  MAINTENANCE  (.2333) 

10.0 

10.0 

10.0 

C\ , EQUIPMENT  ADJUSTMENT  (.2167) 

9.5 

9.0 

9.0 

VI. 

VERSATILITY  (.1000) 

9.5 

7.0 

10.0 

evaluation  RATING 

8.67 

7.03 

7 , 54 

t 


P?i  i * 


alternative  key 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 
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TABLE  VXI-XIII 

EVALUATION  RATINGS  AND  RANKS  USING  NOMINAL  WEIGHTS  AND  DIFFERENT  WEIGHTING 
TECHNIQUES  FOR  REPEATERS  USING  LITHIUM  BATTERIES 


ALT*** 

AUXXVt 


k 

9- 

C 


ADDITIVE 
-jiAxiAu; — 

°.5C>  i 

-7^-34 J 

a.  57  2 


— B A-T  T M p BAV*. 

«.b3  1 

— 1 ... 

ft. *7  ? 


MULTIPLICATIVE  LOGARITHMIC 

— B-*..TT>J-6 RAJO* O-AJTI  RAAJJt 

9^8.  1 9.65  t 

— 3 *^64 5 

8.15  2 9.20  ? 


ALTERNATIVE  KEY 


A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 


< 


f 


TABLE  VII-XIV 


\T>  yr-iw"  ■ 


EVALUATION  RATINGS  AND  RANKS  USING  NOMINAL  WEIGHTS  AND  DIFFERENT  WEIGHTING 
TECHNIQUES  FOR  REPEATERS  USING  ALKALINE  BATTERIES 


Ai'TER" 
MA  T-  I V..F 

A 

9 

C 


AOOITJVF  *MS  MULTIPLirATIVE  LOGARITHMIC 

OATTMfl  O A.  MW OATtkIB RJlNK I R A T T HS ft-AALK RA-T-lMC RAJJJt 

8.67  J 8<*S  1 8^a  \ 9.32  1 

-JUAB 'Jh — : 3-.gA 3 3 8^3 3 — 

7.5U  2 8.72  . 2 6. 82  2 * 9.1a  2 


ALTERNATIVE  KEY 


A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 
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8.0  SENSITIVITY  ANALYSIS 

The  procedures  and  discussions  presented  in  Section  III,  paragraph 

8.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 

The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the  addi- 
tive technique  served  as  the  base  set  of  values.  Then  12  additional  sets 

of  evaluation  ratings  were  calculated  using  maximum  and  minimum  weighting 
factors  for  each  of  the  6 major  evaluation  criteria.  When  the  weighting 
factor  for  one  major  evaluation  criteria  was  changed  to  maximum  or  minimum, 
all  other  major  criterion  weighting  factors  were  adjusted  proportionately. 
The  results  of  the  additive  weighting  sensitivity  study  are  plotted  in 
Figure  7-3.  The  weighted  score  or  evaluation  rating  is  plotted  against 
the  major  criteria  weight  combination  used  in  the  calculation.  An  examina- 
tion of  Figure  7-3  reveals  that  all  three  alternatives  retain  their  rank 
throughout  and  are  very  stable.  The  ER  margin  between  the  alternatives 
remains  approximately  constant  as  the  major  criteria  weights  are  varied. 

8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the 
same  way  that  the  additive  sensitivity  study  was  conducted.  A total  of 
52  sensitivity  rims  were  made  for  the  analysis.  These  runs  showed  that 
preference  rankings  for  certain  sensors  remained  constant  while  others 
shifted  within  certain  bands.  Tables  VII-XV  through  VII-XX  show  the  re- 
sultant final  scores  and  rank  order  of  the  alternatives  as  the  indicated 
major  criteria  factor  weights  were  varied  for  the  four  analysis  techniques. 
The  relationship  among  the  evaluation  scores  for  each  alternative,  the 
nominal  weighting  factors  for  the  subcriteria  and  for  the  major  criteria  is 
as  shown  in  Table  VII-XI.  Table  VII-X  additionally  includes  the  maximum 
and  minimum  values  for  the  major  criteria.  When  the  results  were  compared 
with  the  results  obtained  for  RMS,  Multiplicative  and  Logarithmic  Weighting 
Techniques  Alternative  A always  ranks  first,  C always  ranks  second,  and  B 
always  ranks  third.  A high  degree  of  stability  in  ER  value  exists  between 
the  alternatives  for  each  of  the  criteria  weighting  factors  and  calculation 
techniques.  For  the  Logarithmic  Technique,  the  ER  margin  between  the  alter- 
natives is  decreased,  especially  between  C and  A,  but  otherwide,  the  results 
remain  as  previously  reported.  Therefore,  the  final  ranking  is: 

RANK  ALTERNATIVE 


All  Single  Channel  Repeaters  (A) 
All  Dual  Channel  Repeaters  (B) 
Both  Dual  and  Single  Channel 
Repeaters  (C) 


ALTERNATIVE  KEY 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 


CRiTERIAiKEY 


I." 

POST 

•^vi  IV'J-'  -T  r- 

II* 

III.. 

rtiro  ll. 
RISK 

IV. 

PERFOR 

V-. 

LOG I ST 

IV.' 

VERSAT 

▼ MINIMUM 
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ALTERNATIVE  WEIGHTING  VS.  WEIGHTING  CofffllNAT:  ON  - ADDITIVE  WEIGHTING 
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TABLE  VIE-XVI 

OVERALL  SCORER  AND  RANKS  US  I NS  WEIGHTS  CHANGING  PHYSICAL  CHARACTERISTICS 

FACTOR 


Ai’TfR-  AODITIVP  . .9MS  MlJLTtPLirATIVe  LOGARITHMIC 


ULI-LVE-.  RAIIMG  — R-A-fiK RAXtALG fl.AJWX-  SLT  I-M-G  - bamm..  Rat^'G  g \ MY 

MTN 

PHYS 

A_ 

9. 4.q 

. 4 

Q 4 g;  \ - . 

| 

o ' n l 

4 

O ' L t 

R 

7.95 

3 

.*^5 

^3  . 

7^82 

\ 

3 



p.*m 

-! 

3 

c 

r_.  n \ _ 

? 

* a2 

? V 

A 5 A 

P 

a 5/i 

/ 

— g — 

max 

PHYS 

t 

7 

A. 

* 

a cq 

1 - « 

SL..12-. - 

1 

° '57 

t 

t»  73 

4 

0 

7.75 

3 

7. ‘ft* 

3 

-rjfcfl 

3 

fl.U2 

- \ • - 

3 

C_ 

!Ui  2. 

2 

-A,XL 

_2 

-X.9i3 

- 3 ■■- 

-P-.9B 

— 2 

J1E1GHJ  S_U4£fiU..M  _IH£-&£.-BU?ia. 


HIM  PHY$l  COST  - ,*  2 8 0 0 i P^y*  - .’l333»  RISK  . \i73Ui  pprp  - .^neOi 
Lno l?  l Aft.fi. » : r 

iUX-JEHYjJ- ..COaX--.  -J?. 0 5 fi_« — PH Y.V . 1_ , 'l 
LOG  * . 0957  j VFPS  - 


ALTERNATIVE  KEY 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 


I 


241 


i&fc I'-JU-i  l-ill-iM  fii'  ‘Jr. 


' fc;  . -j.i 


TABLE  VII-XVU 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  DEVELOPMENT  RISK  FACTOR 


ALTER.  ADDITIVE 

— H AI4-VE All  M G » A JJK 


MULTIPLICATIVE  LOGAPITMmJC 
—a  B-A  -4K _P4-T-I-WC ft-A  -WK- 


*TN  RISK 


-S.-60 

*.03 


ft.lS 


«.  68  J 


MAV  RISK 


7.72 


7. *6.  • 3 


7*59 


8.«B  3 


MTM  RTSK^COST  - „?6S0|  PMYft  - .17fe7i  RISK  - .1167|  PERK  - . 2 1 20 « 


1 050 1 VERS  « ,0900t 


ALTERNATIVE  KEY 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 
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TABLE  VII-XVIII 

OVERALL  SCORES  AND  RANT'S  USING  WEIGHTS  CHANGING  LOGISTICS  FACTOR 


-JSiJISc  -*M5  ^ULTIPLKATIVE  LOGARITHMIC 

T . -v£  — -R  A T I-WG o A-HK * A T-t  MS  — p 4-WK— - R A T-I-MG P-A  N* -R-A^-T-HS R A NK- 


M T M 

A- 

LOG 

—9  .4  q_ 

— 4 



i 

« '/it 

8 

c- 

✓ 

7. 85 
—8^33— 

3 

— 

• ■ :c 

7«o7 

n r-  ^ 

3 

7*72  . 

ft  4 A 

1 

3 

8.5<J 

— i — 

3 



— 7— c- 

0 1 1 7 - 

MA  y 

LOG 

A_ 

-M3- 

— 4_ 

9 ii  pt» 

♦ . 

^ *5jji 

- 

B 

_C- 

• 

e.oa 

-B.U  7 

3 ' 



807 

— awaS — 

3 

— 2- 

M-l 

a^-3-fr— 

4— 

3 

— 3 

Qx4>7  — 

8^73 

-®-r24 

3 

?— ! 

MJ-IGHTS  US£P— I-M  -XH£.&£__R11M£_ 


!:■  i 


MTN  LnG  ^ I C03T  - .’.259SI . PUYJ»  1 


1730|  PISK  - ."  1 7 3 ft  | PERF  - *3076| 


-MAK-i.nc<i  COST  - ■ ^ 

IHG  - .1833|  VERS  - .’092*;»  , 


ALTCRNATIVE  KEY 

A.  ALL  SINGLE  CHANNEL  REPEATERS 

B.  ALL  DUAL  CHANNEL  REPEATERS 

C.  BOTH  DUAL  AND  SINGLE  CHANNEL  REPEATERS 
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9.0  CONCLUSIONS 

Of  Che  three  alternatives  considered,  single  channel  repeaters  re- 
ceived the  highest  ranking  in  all  four  weighting  techniques  used  in  the 
analysis.  The  alternative  of  providing  both  single  and  dual  channel  re- 
peaters for  REMBASS  use  ranked  second  in  all  weighting  techniques,  with 
the  combined  single/dual  channel  repeater  design  always  last. 

In  reviewing  the  relative  weights  which  were  assigned  to  the  various 
criteria,  it  was  the  conclusion  of  the  team  members  that  some  of  the 
weight  assignments  of  the  subcriteria  were  not  realistic.  For  example,  the 
aubcriteria  of  cost  which  were  improperly  weighted  were:  a)  acquisition  costs; 

and  b)  life  cycle  support  couts.  Since  the  sensitivity  analysis  only  con- 
sidered the  results  of  a perturbation  of  the  major  criteria  (e.g.,  cost), 
these  anomalies  would  not  necessarily  reverse  the  rankings  of  the  alterna- 
tives, however,  it  would  not  reduce  the  difference  between  the  first  and 
second  ranked  alternatives.  Whether  the  approximate  10%  differential  is 
significant  for  choosing  an  alternative  has  not  been  determined. 

10.0  RECOMMENDATIONS 

it  is  recommended  that  single  channel  repeaters  be  developed  for  REMBASS. 
In  view  of  the  factors  discussed  above,  it  is  possible  that  dual  channel 
repeaters  may  be  cost  effective  in  some  applications.  Therefore,  it  is  also 
recommended  tht  development  of  dual  channel  repeaters  as  well  as  Hingle 
channel  repeaters  be  considered. 
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SECTTON  VIII 


ENGINEERING  ANALYSIS  7 - MODULATION  TECHNIQUES 


1 0 -SUMMARY 


Thlf;  analysis  addresses  the  modulation  method  to  be  used  in  the 
REMBASS  Data  Transmission  Subsystem  (DTS).  The  alternatives  were  evalu- 
ate" agr.ihst  a specific  set  of  criteria;  error  performance,  Rayleigh 
fading.  Electronic  Countermeasures  (ECM)  and  Radio  Frequency  Interference 
(RFI) , spectrum  utilization  and  development  risk.  The  DTS  team  recom- 
mended that  the  Binary  Frequency  Shift  Keying  (BFSK)  alternative  should 
he  used  in  REMBASF.  This  recommendation  wa.;  based  on  the  analysis  and 
operational  considerations. 

2.0  INTRODUCTION 


This  engineering  analysis  is  a companion  to  engineering  analysis  1. 
In  that  analysis  various  alternatives  were  explored  from  which  a 
transmission  technique  (e.g.t  narrowband  or  wideband)  may  be  selected. 

In  this  engineering  analysis  several  common  modulation  methods  will  be 
compared  on  the  basis  of  common  criteria,  which  will  be  compatible 
with  either  transmission  technique  from  engineering  analysis  1. 

3.0  STATEMENT  OF  THE  PROBLEM 

The  objective  of  the  REMBASS  DTS  Is  to  provide  a data  link  between 
sensors  and  readout  terminals,  either  directly  or  via  one  or  more 
repeaterJ,  It  is  desirable  that  the  link  will  be  able  to  provide  the 
reliability,  error  performance,  interference  immunity,  etc. , with  the 
least  cost,  minimum  power  requirements,  etc.,  with  state-of-the-art 
technology.  The  method  of  modulation  is  a factor  which  influences 
the  performance  of  the  data  link  and  therefore  must  be  judiciously 
selected. 
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4.0  ALTERNATIVES 

The  alternatives  to  be  evaluated  as  possible  methods  of  modulation 
may  be  used  in  conjunction  with  either  transmission  technique  of  engineer- 
ing analysis  1 and  are  therefore  evaluated  independent  of  a transmission 
technique. 

a)  On-Off-Keying  (00K)  is  a modulation  method  in  which  the 
carrier  frequency  la  transmitted  (transmitter  on)  for  a fixed  time  inter- 
val to  repreuent  one  source  symbol  and  the  transmitter  is  off  for  a fixed 
(similar)  time  interval  to  represent,  a complimentary  or  suco.id  source 
symbol. 
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b)  Binary  Frequency  Modulation  (BFM)  ia  a modulation  method  in 
which  the  carrier  ia  frequency  modulated  by  a signal  which  ia  pro- 
portional to  the  data  rate.  The  modulation  index  is  adjusted  to  provide 
the  bandwidth,  error  rate,  etc.,  required  at  the  receiver.  The  receiver 
utilizes  a limiter/diacrialnator  detector  followed  by  a low-pass  filter. 

c)  Binary  Frequency  Shift  Keying  (BFSK)  la  a modulation  method 
in  which  the  frequency  of  the  carrier  is  shifted  to  one  of  two  values. 

One  carrier  frequency  is  usually  defined  as  the  'MARK'  frequency,  and 
the  other  carrier  frequency  is  defined  as  the  '3PACE'  frequency. 

d)  M-Ary  FSK  is  a modulation  method  similar  to  BFSK  except  that 
there  are  now  'M*  carrier  frequencies,  each  of  which  has  a one-to- 
one  correspondence  with  a source  symbol  or  a coded  source  symbol. 

e)  Phase  Shift  Keying  (PSK)  is  similar  to  FSK  except  that  the  phase 
of  the  carrier  frequency  is  shifted  in  discrete  amounts  in  response  to 
the  modulating  signals  instead  of  the  frequency.  Binary  PSK  is  a method 
whereby  one  source  symbol  signal  may  be  represented  by  'aero'  phase  shift 
of  the  carrier  and  a second  symbol  is  reprea.  .ited  by  a phase  shift  of  180” 
An  absolute  phase  reference  is  required  to  decode  the  modulated  signal. 

f)  Differential  PSK  differs  from  PSK  in  that  the  modulating  symbol 
shifts  the  carrier  phase  a specified  amount  relative  to  the  phase  pro- 
duced by  the  previous  modulating  symbol. 

g)  Chirp  is  a modulation  method  in  which  the  carrier  frequency  is 
linearly  increased  or  decreased  in  accordance  with  the  modulating  symbol. 
An  increasing  frequency  is  associated  with  one  symbol,  and  a decreasing 
frequency  ia  associated  with  a second  uymbol.  The  upper  and  lower  limit- 
ing frequencies  are  usually  the  same  for  either  symbol. 

h)  Linear  FM  is  a modulation  method  in  which  the  instantaneous 
frequency  of  the  carrier  is  directly  proportional  to  some  characteristic 
of  the  modulating  signal  (e.g„,  the  signal  amplitude). 

4.1  Definition  of  symbols  used  in  this  engineering  analysis  are 
given  in  Figure  8-1. 


FIGURE  8-1 
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Binary  FM 

Binary  Frequency  Shift  Keying 
Tianatnieelcm  Bandwidth 
Data  Rate  Bandwidth 

Relative  Bandwidth  « (Bandwidth/bit  rate) 

TO  Modulation  Index  - 

loodulating  frequency 

Dispersion  Factor  ■ Chirp  (Time-Bandwidch)  Product 
Differential  Phase  Shift  Keying 
Frequency  Uncertainty 
Represents  Differential  of  ( ) 

Spread  Spectrum  (Chirp)  Bandwidth 
Energy  (Watt-sec)  per  Symbol  or  Bit 
Electronic  Countermeasures 
Carrier  Frequency,  Hertz 
Frequency  Deviation  from  the  carrier 

Number  of  Information  Bit  Represented  by  a Coded  Symbol  M 
Number  of  Binary  Digits  in  a Message 
Line-o f-8ight 

k 

Number  of  Symbols  Transmitted  ■ 2 

Multi-ary  Frequency  Shift  Keying 

Total  Noise  Power  ■ no  x (Noise  Bandwidth) 

Gausian  Noise  Density  (Watts/Hz) 

On-Off  Keying 

Error  Probability 

Bit  Error  Probability 

Symbol  Error  Probability 

Phase  Shift  Keying 

Radio  Frequency  Interference 

Surface  Wave  Device  (Acoustic  Delay  Line  or  Filter) 
Signal-to-Noise  Ratio 

Duration  in  sec.  of  a Transmitted  Symbol,  M 
Symbol  Used  for  (S/N) 

(S/N)  Averaged  over  a Rayleigh  Fading  Cycle 


5.0  CRITERIA 


llie  criteria  which  will  be  uHtul  In  Cha  cntnpamt Ivc  evaluation  of 
the  alternatives  aanoc  fitted  with  ‘ilia  tmgittim'lng  nnaly.alo  are  dotlnedba" 
low.  In  paragraph  6.0  each  of  the  wl  tentative*  will  be  analyxati  *n  tho 
haute  ot!  thee*  -riterla  and  where  poeifible,  parameters  will  be  deter— 
mined  for  aac.h  criterion.  In  performing  tno  final  (‘.valuation,  each 
criterion  will  be  weighted  in  proportion  to  ita  importance  ttu  determined 
from  the  REMMSS  Material  Need  (MN),  ;>r  other  sources. 
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5.1  Error  Performance.  Thie  is  a probabilistic  cricarion  which 
relates  the  probability  of  a data  bit,  or  message  error  at  the  receiver 
in  terms  of  signal-to-ndise  ratio  (S/N)  for  tue  particular  modulation 
method. 


5.2  Rayleigh  Fading.  This  io  a condition  which  arises  in  communica- 
tion in  which  the  signal  level  at  the  receiver  may  drop  several  dB  in  a 
very  short  period  of  time  due  to  the  signal  being  reflected  from  local 
moving  objects  and  arriving  at  the  receiver  out  of  phase  with  signal 
arriving  directly  from  the  source . Within  reasonably  small  percentage 
bandwidths,  the  fading  ia  not  frequency  sensitive.  To  keep  the  average 
error  rate  within  bounds  requires  significant  additional  (S/N)  margins 
vs.  a non-fading  environment. 

5.  ^ ECM  & RFI.  ECM  & RFI  are  two  causes  of  performance  degrada- 
tion in  radio  communication.  Adequate  signal  levels  at  the  receiver 
must  be  provided  to  overcome  expected  interference  from  these  sources, 
and  the  required  signal  level  is  related  to  the  modulation  method 
among  other  things. 

5. A Spectrum  Utilization.  The  efficiency  with  which  the  assigned 
radio  frequency  oand  is  utilized  is  a criterion  of  significant  impor- 
tance. Some  modulation  methods  require  more  bandwidth  than  others  for 
a given  data  rate  and  therefore  spectrum  utilization  may  depend  on  the 
method. 


5. 5 Development  Risk.  This  criterion  is  defined  as  the  probability 
that  a given  alternative  can  be  successfully  developed  to  a production 
posture. 


6.0  TECHNICAL  EVALUATION  OR  ALTERNATIVES 

6.1  Genet al.  With  two  exceptions  all  modulation  methods  to  be  con- 
sidered herein  are  assumed  to  be  used  for  binary  signaling  only.  The 
terms  HARK  and  SPACE  are  generally  used  to  represent  the  modulated  signal 
(carrier)  state  correspond ing  to  the  binary  and  'O'  data  signal 
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repruauntation.  M-^ry  FSK  will  be  considered  «h  u special  case  of  FSK 
when  M rupruuuntu  the  numb  or  ol'  modulation  IuvgIh  and  to  greater  than 
two.  In  thin  a one-to-one  correupotvdunce  between  the  binary  data  sym- 
bols (L,0)  and  MARK  and  SPACE  no  longer  uxiitt  due  to  the  requirement 
for  a coder  in  the  modulation  ay a tom.  Linuar  I'M  will  be  considered 
only  £or  analog  modulation  and  therefore  the  evaluation  criterion  of 
error  rate  will  not  be  applicable  to  this  modulation  method  but  the 
systems  may  rather  be  compared  on  a aignal-to-noiae  (or  uignal-to- 
quantization  noise)  basis.  The  evaluation  criteria  and  alternatives 
have  already  been  defined  in  previous  sections  of  this  report. 

6.2  Requirements  and  System  Parameters.  Only  those  system  require- 
ments and  parameters  are  included  which  are  necessary  for  a comparative 
evaluation  of  the  alternative  modulation  methods,  and  it  is  not  intended 
that  these  parameters  are  necessarily  those  which  will  subsequently  be 
selected  for  the  REMBASS.  It  is  anticipated  that  a perturbation  of  these 
parameters  will  not  significantly  influence  the  results  of  the  evaluation. 

6.3  Detection  Processes.  The  characteristics  of  the  data  trans- 
mission in  REMBASS  are  such  that  coherent  detection  at  the  receivers  is 
not  possible  with  most  modulation  methods  and  can  only  be  approximated 
with  others.  However,  in  the  evaluation  both  coherent  and  non-coherent 
detection  processes  will  be  assumed  valid  when  evaluating  error  perfor- 
mance in  both  a Gaussian  noise  and  Rayleigh  fading  environment.  It 
might  be  argued  that  consideration  of  fading  is  only  academic  in  view 

of  the  short  range  (10-15  km),  line-of-sight > links  which  will  be  used  in 
most  cases,  however,  the  REMBASS  MN  does  indicate  a requirement  for  ranges 
of  60-100  km,  and  whether  or  not  these  are  line-of-sight  may  also  be  a moot 
point.  From  a different  viewpoint,  it  is  still  academic  to  consider  the 
impact  of  Rayleigh  fading  on  the  required  (S/N)  to  maintain  a given  bit 
error  probability,  since  the  increase  over  a non-fading  (Gaussian  noise 
only)  environment  is  of  such  drastic  proportions  that  other  means  of 
overcoming  the  problem  (e.g.,  diversity  techniques)  would  be  considered 
as  an  alternative.  Nevertheless,  as  a comparative  evaluation  of  modula- 
tion methods  the  influence  of  Rayleigh  fading  will  be  included. 

6.4  Alternatives . Each  alternative  modulation  method  will  be 
evaluated  in  terms  of  the  selected  criteria  and  the  results  tabulated 
for  final  analysis  comparison.  In  addition  those  alternatives  which 
appear  to  be  the  most  likely  candidates  for  the  REMBASS  DTS  will  be  evalu- 
ated against  additional  performance  measures  to  provide  a broader  base 
from  which  a final  modulation  method  may  be  selected.  See  paragraph  4.0 
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for  a definition  of  the  alternatives.  • 

I 

6.4.1  On-Off  Keying  (00K) . A binary  00K  modulation  is  a form  of  \ 

amplitude  modulation,  sometimes  called  Amplitude  Shift  Keying  (A"K) , in 
which  the  carrier  is  transmitted  to  represent  a MARK  and  the  carrier  is 

turned  off  to  represent  a SPACE.  These  pulses  may  be  described  by  the  ; 

following  signals:  i, 


t, 


(1) 


ST(t)  - A^Ct)  COS  (Wct  + *T) 

A-<t)  „ Ac;  MAM 
" 0 ; SPACE 


T ■ Symbol  duration 


nl  < t < (n+1)  T 


These  signals  are  received  and  processed  after  being  corrupted  by 
Gaussian  noise,  n(t),  of  constant  one-sided  spectral  density,  n0. 
Figure  8-2  is  representative  of  a non-coherent  processor  and  a corres- 
ponding coherent  processor. 


message 

out 


s(t)  * A(t)  Cos  VJct 
r(t) 


si' 


[AT(t)+X(t)]2  + Y2(t) 


■ Envelope  of  signal  plus  noise 
n(t)  - X<t)  Cos  Wct  - Y (t)  Sin  Wct  (narrowband  noise) 

U)  Non-Coherent  processor 


•message  out 


sample 

V(t)  - A^t)  + X(t) 

■ Envelope  of  signal  plus  in-phase  noise  component 

(b)  Coherent  processor 
FIGURE  8-2 

PROCESSING  OF  ON-OFF  KEYING  MODULATED  SIGNALS 
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6. 4. 1.1  Error  Performance 

6. 4. 1.1.1  Gaussian  Noise  Environment.  Error  probabilities  are 
determined  on  the  assumption  of  equal  probabilities  of  a MARK  and 
SPACE  being  transmitted  (during  a message  transmission) . Errors 
will  be  made  (bit  error)  where  a SPACE  is  decoded  as  a MASK  when  the 
noise  envelop  - exceeds  the  threshold  setting,  and  also  when  a MARK 
is  decoded  as  a SPACE  due  to  negative  noise  envelope  suppressing  the 
signal  envelope  below  threshold.  The,  total  probability  of  error  is 
the  sum  of  the  two  and  is  given  by  si' 

a)  Non-Coherent  Detection: 

(2)  Pe  - 1/2  U - Q (^,  b )]  + l/2e  - (b0  2/2) 

— ^ d _ d 

Prob.  of  MARK  Error  Prob.  of  SPACE  Error 
Q (a,  3)  * Marcum  Q-function 


«■  Ac^ 


(S/N)  ■ pre-detection  Jignal-to-noise  ratio 


b « B/i/n 

0 « Threshold  level  normalized  to  RMS  noise  voltage 
in  the  bit-rate  bandwidth 

For  increasing  average  (S/N),  Y,  and  fixed  threshold  setting,  bQ,  the 
value  of  Q*H.  Therefore,  the  minimum  error  probability  is  limited  by 
the  SPACE  error  probability,  l/2e  - (bp2/2).  For  each  Y and  bit  error 
rate  there  is  an  optimum  value  of  bg.  This  is  one  of  the  major  dis- 
advantages of  00K.  A bQ  is  increased,  the  threshold  value  of  Y(that 
is,  the  value  of  y below  which  the  error  rate  increases  precipitously), 
also  is  increased  in  an  exponential  manner  at  high  Y'a.  In  theory, 
optimum  performance  could  be  obtained  by  adjusting  the  threshold  level, 
b0,  as  a function  of  the  (S/N).  A more  practical  approach  for  slowly 
varying  y's  is  to  use  an  AGC  to  reduce  the  noise  power  as  the  signal 
(carrier)  level  increases,  thereby  keeping  the  limiting  error  rate 
due  to  SPACE  (noise)  errors  below  the  MARK  error  rate  at  a given  y* 

At  large  y's  and  optimum  threshold  level,  the  bit  error  rate  may  be 
approximated  by: 

(3)  Pe  * 1/ 2e  - yf 4 

This  is  still  3 dB  worse  than  non-coherent  FSK  for  the  same  Pe.  Since 
the  energy  transmission  during  a SPACE  (for  00K)  is  zero  the  energy 
during  a MARK  for  00K  must  be  twice  the  energy  for  a MARK  signal  with 
FSK  for  the  same  bit  error  rate,  and  therefore,  for  the  same  data  rate 
(bit  period),  twice  the  peak  power  per  bit  is  required  for  00K  as 
compared  to  FSK. 


1/  Modern  Communication  Principles,  McGraw-Hill  Book  Co. , S.  Stein  and 
J.  Jones. 
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erfc(x)  ■ complimentary  error  function 
bQ  and  y have  the  same  meaning  as  before 


It  is  clear  that  a similar  threshold  problem  exists  for  coherent  de- 
tection as  for  non-coherent  detection.  Since  y must  be  » 1 to  realise 
a reasonably  low  Pe,  an  approximation  to  4 may  be  made  at  an  optimum 
bQ.  This  is  given  by: 


(5)  P*  ■ -= 


(optimum  threshold) 


A comparison  of  5 and  ? would  indicate  that,  under  optimum  condi- 
tions, coherent  processing  does  not  provide  significantly  better 
performance  than  non-coherent.  This  is  also  true  of  other  methods 
if  y ia  sufficiently  large,  as  will  be  seen. 

6. 4. 1.1. 2 Rayleigh  Fading  Environment.  The  error  probability 
in  a potential  Rayleigh  fading  environment  is  given  in  terms  of  the 
(S/N) , Yo»  averaged  over  a fading  and  non-fading  environment.  Since 
it  is  assumed  that  y0  will  be  large,  using  5: 

s ; y » 4 

V, 

From  6 it  is  evident  that  the  performance  in  a fading  environment 
is  poor. 

6.4. 1.2  ECM  & RFI.  The  00K  modulation  being  considered  is 
narrowband  and  therefore  has  relatively  good  immunity  to  broadband 
noise-type  ECM  & RFI.  The  degree  of  susceptibility  is  proportional 
of  the  ratio  of  bandwidths  of  00K  signal  and  noise.  Since  the  trans- 
mitted bandwidth  is  only  a function  of  the  data  rate  (neglecting 
carrier  instability),  this  method  of  modulation  involves  no  proces- 
sing gain.  The  susceptibility  to  other  types  of  countermeasures  is 
equivalent  to  all  narrowband,  low  data  ratio  modulation  methods. 


6.4. 1.3  Spectrum  Utilization.  Thi3  performance  criterion  will 
only  be  considered  in  terms  of  the  bandwidth  utilized  for  a given 
data  rate,  since  the  number  of  channels  available  within  a given 
system  bandwidth  will  be  proportioned  to  the  required  information 
bandwidth.  The  co-existence  of  other  users  within  the  same  band  will 
be  dependent  upon  the  message  duration  (among  other  things)  and 
therefore  is  not  necessarily  related  to  modulation.  Since  the  OOK 
method  is  essentially  a prise  (constant  amplitude)  modulated  carrier, 
the  resultant  frequency  is  ( related  where: 


X - (W-Wc)  T/2 
W^,  * Carrier  Frequency 
T *»  Symbol  duration 


Symbol  rate 


Therefore, the  minimum  transmission  bandwidth  is  approximately: 

(8)  Bj-  (OOK)  « 2/T 

6. 4. 1.4  Development  Risk..  Since  OOK  is  one  of  the  simplest 
and  possibly  oldest  digital  modulation  methods  the  development  risk, 
is  considered  to  be  negligible.  There  are  no  required  advanced 
development  areas  to  advance  the  state-of-the-art  prior  to  implement- 
ing this  method. 

6.4.2  Binary  Frequency  Modulation  (BFM) . After  OOK  this  is 
perhaps  the  simplest  method  for  modulation  of  a carrier  with  binary 
data.  It  differs  from  BFSK  primarily  in  the  manner  or  type  of 
demodulation  and  detection  used.  In  general  the  bandwidth  of  t 
baseband  data  is  also  restricted  to  the  frequency  nearest  the  funda- 
mental. Demodulation  and  detection  is  performed  by  a limiter/dis- 
criminator followed  by  a low-pass  filter.  The  signal  is  then  sampled 
to  convert  the  output  back  to  a binary  waveform  which  corresponds 
to  the  original  binary  sequence  to  within  the  required  error  rate. 

If  the  original  binary  sequence  is  converted  to  an  NRZ  binary  wave- 
form for  modulation  the  minimum  bandwidth  of  the  modulating  signal 
is  DC  up  to  the  maximum  sequence  rate.  If  the  bin  ry  sequence  is 
converted  to  a Manchester  coded  (bi-phase)  waveform,  the  bandwidth 
of  the  modulating  waveform  is  restricted  to  Fs  and  2 Fs  where  Fs  is 
the  binary  sequence  rate.  This  is  essentially  the  DSPG  Phase  III 
sensor  communication  method.  Since  a limiter /discriminator  may  be 
used  in  either  case,  similar  statistical  analyses  may  be  applied. 

The  primary  difference  is  that  the  error  statistics  will  be  somewhat 
influenced  by  the  binary  sequence  in  the  NRZ  method,  whereas  this 
is  not  necessarily  true  for  bi-phase  coding.  A block  diagram  of  a 
basic  BFM  receiver  is  shown  in  Figure  8-3. 
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6.4. 2.1  Error  Performance.  The  performance  of  a limiter/dis- 
crlminator  processor,  with  a low-pass  output  filter,  is  well  known 
when  the  modulating  signal  is  analog  and  linearly  frequency  modula- 
ting the  carrier.  The  validity  of  the  analysis  depends  upon  the 
carrier-to-noiae  ratio  at  the  input  being  above  a "threshold  value". 
Predicting  the  performance  of  the  BFM  processor  when  the  modula- 
tion is  BFM  or  FSK  has  been  somewhat  less  tractable  due  to  the  non- 
linear nature  of  the  demodulation  process.  Mazo,—  and  others  have 
analyzed  the  performance  in  terms  of  error  probabilities.  The  result 
of  the  analyses  indicate  that  for  narrowband  systems  (B  ± 1)  the  bit 
detection  errors  are  a function  of  the  Gaussian  noise,  or  rather 
Signal- to- Gaussian  noise  density.  For  wideband  systems,  so-called 
"Click"  errors  predominate.  The  Mazo  analysis  applies  to  multilevel 
(>2)  signals  only.  Schilling,  et  al,-2.'have  performed  a similar 
analysis  for  binary  signals.  They  also  found  that  errors  created 
by  Gaussian  type  noise  predominate  at  low  B (0  < 1) > whereas  for  B < 

1 the  errors  are  a result  of  spikes.  Their  results  also  indicated 
that  the  error  probabilities  depend  upon  the  binary  sequence  if  the 
modulating  signal  waveforms  are  NRZ.  If  Manchester  coding  of  the 
binary  sequence  is  used,  this  dependence  should  not  exist.  The 
error  functions  are  given  below  for  the  indicated  range  of  B. 


a)  B < .734  

(9)  P « 1/2  erfc  - / ttV  (B  * l) 

V 14.96  fQ  (B) 


Gaussian  ' 
noise  region; 


erfc[x]  “ 


; X > * 


257"  *IF 

fo(B)  “ *75‘*  8 “ -73 

b)  .734  « B < 4.24 

(10)  Pe  <e,v>  .i  B.  (f  ?)«*<-,„,  (spike  region) 

Y1f"  2N7 

D - Approximate  duration  of  spike  at  filter  output 
T “ 0.755  [ltl(-2^.)]  . g <^4.24 


2/  "Theory  of  Error  Rates  for  Digital  FM"  BSTJ  1966;  J.E.  Mazo  and 
J • Salz • 

3/  "Error  Rates  for  Digital  Signals  Demodulated  by  an  FM  Discrimina- 
tor1 D.L.  Schilling,  E.  Hoffman,  E.  Nelson,  IEEE  Trans,  on  Comm 
Tech  1967. 

257 


4 fA ib'A* +***-■'< .'i-v*  i 


. .fi>  i K * av, 


- 


As  6 Increases,  D/T  decreases  so  that  the  maximum  Pg  due  to  spike 
noise  occurs  at  a g of  about  3.  Experimental  results  confirm  the 
validity  of  9 and  10  except  that  the  errors  in  the  spike  region 
are  somewhat  less  than  predicted  by  10  for  reasonably  large  (S/N). 

6.4. 2. 2 Rayleigh  Fading.  The  performance  of  BFM  with  dis- 
criminator detection  in  a Rayleigh  fading  environment  has  not  been 
determined.  From  9 (low  6)  it  is  noted  that  the  error  function  is 
of  the  same  r cm  as  coherent  FSK  or  PSK  and  for  a given  (S/N)  the 
error  rate  j between  the  two.  However,  in  the  spike  region 
(.7<B<4.2'  the  error  function  is  of  the  same  form  as  non-coherent 
FSK  or  coherent  differential  PSK.  Therefore,  the  average  error 
performance  with  Rayleigh  fading  may  be  approximated  by: 


a)  B < .734 


where 


(S/N)  averaged  over  fading 


irV(frH) 


14.96  f_<0) 


B - .734 


b)  .734  < 0 < 4.24 


p a S 

® 1 + Y„ 


K --f 

K “ .95  ; S - 3. 14 


Ye  ^ (S/N)  averaged  over  fading 


b •’? 
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It  should  be  emphasized  that  the  error  probabilities  specified  here 
(as  with  all  the  modulation  methods  considered)  assumes  that  the 
pulse  amplitude  is  statistically  varying  from  pulse  to  pulse  in  a 
Rayleigh  manner.  Therefore,  the  significance  of  these  error  proba- 
bilities depends  upon  the  data  rate.  For  a data  rate  which  is  high 
compared  to  the  fading  rate,  a better  error  statistic  may  be 
determined  by  averaging  (weighting)  the  non-fading  error  rate  over 
the  (S/N)  with  and  without  fading  rather  than  the  probability  den- 
sity function  of  (S/N)  with  fading. 

6.4. 2. 3 ECM  & RFI.  The  performance  of  BFM  in  RFI  would  be 
good,  as  is  most  narrowband  systems.  It  should  also  be  good  against 
broadband  ECM  but  would  be  poor  against  other  ECM. 

6.4. 2.4  Spectrum  Utilization.  Since  the  performance  of  BFM  is 
optimized  for  6 near  1 the  bandwidth  requirements  will  be  directly 
proportional  to  data  rate  and  carrier  instabilities.  That  is, 
using  Carson1 8 rule,  the  bandwidth  per  channel  is: 


(ID 


B.  - 2Bd(S+1)  + 2/AF/ 


4Br  + 2/AF/  ; ( B - 1 ) 


Br  «*  Data  rate  bandwidth 


/AF/ - frequency  instability  in  Hertz 


6.4. 2. 5 Development  RlBk.  There  is  no  development  risk  in- 
volved with  this  method  since  all  techniques  are  proven.  Only  if 
an  improvement  over  the  straightforward  discriminator-filter  detec- 
tor is  desired  in  the  spike,  (or  Click)  region  would  possible 
development  be  required.  Some  improvement  could  be  achieved  but 
the  resultant  complexity  appears  to  exceed  the  factor  of  three  im- 
provements in  bit  error  rate. 

6.4.3  Binary  FSK.  This  modulation  method  is  similar  to  the 
BFM  at  the  transmitter  but  is  significantly  different  at  the  receiver 
processor.  At  the  transmitter,  it  differs  from  BFM  in  that  a shap- 
ing of  the  binary  modulating  waveforms  is  usually  attempted  in 
order  to  minimize  the  spreading  of  the  modulated  spectrum.  In  its 
simplest  form  two  frequencies  are  transmitted  at  constant  amplitudes 
(power).  These  may  be  represented  by: 
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The  assumption  is  made  that  the  rate  at  which  the  carrier  is 
switched  between  MARK  and  SPACE  is  so  related  to  the  frequency  de- 
viation, f^,  such  that  the  resultant  spectra  of  the  two  signals 
do  not  overlap,  except  for  possible  overlap  of  the  'tails'  of  the 
spectra  which  are  at  a level  considerably  below  that  at  the  MARK  or 
SPACE  frequency.  This  will  permit  dual  filter  reception  in  the 
receiver  such  that  the  characteristic  spectra  of  the  filters  do  not 
overlap  to  any  nignificant  degree.  The  net  result  of  these  assump- 
tions  is  no  "crosstalk"  and  no  noise  correlation  between  filters. 

A block  diagram  of  a cohereut  and  nor.-coherent  receiver  processor 
is  shown  in  Figure  8-4. 
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6. 4.3.1  Error  Performance. 

6. 4. 3. 1.1  Gaussian  Noise  Environment.  Error  probabilities  are 
determined  on  the  assumption  of  equal  probabilities  of  transmission 
of  MARK  and  SPACE,  assuming  a one-to-one  correspondence  between  the 
binary  data  sequence  and  the  binary  waveform  transmitted.  Also  the 
previously  stated  assumptions  regarding  uncorrelated  noise,  etc.,  must 
apply. 


a)  Non-Coherent  Detection: 

Pe/NC  - 1/2  exp  - [v/2] 

y ■ pre-detection  (S/N)  of  the  BP  filter  output  contain- 
ing the  signal. 


b)  Coherent  Detection: 


Pfe/C  - 1/2  erfc 


[VF] 


For  reasonably  large  (S/M)  an  asymptotic  expansion  of  erfc  gives  an 
error  relation  which  may  be  easily  compared  to  the  non-coherent  de- 
tection error  probability,  that  is: 


exp  - [y/2] 


Comparing (12)  and  0-4).  the  difference  between  coherent  and  non-coherent 
detection  is  given  by: 


r./.  -P./»c 


exp  - ly/2]  - i exp  - [y/2]  * \ exp  - [y/2]  “ Pc/NC 


Therefore,  for  high  y,  the  difference  in  error  probabilities  between 
coherent  and  non-coherent  detection  of  BFSK  is  approximately  equal  to 
Pe/NC.  In  other  words,  the  error  probabilities  are  essentially  equal 
for  small  error  probabilities.  This  is  the  basis  of  the  statement 
that  non-coherent  detection  of  BFSK  is.  essentially  optimum  for  large 
(C/N),  or  small  error  probabilities.  However,  if  the  ratios  of  error 
probabilities  are  conoidered,  equation  16  results,  which: 


Pjg/NC 

**c/c 


r 


finite* ' ' fey.iLAv.; 


This  indicates  that  (for  a large  y)  the  error  probability „ at  a par- 
ticular y,  Cor  non-coherent  detection  is  sigrif 1 cantxy  higher  than  for 
coherent  detection.  For  a y of  10  d3  there  is  an  order  of  magnitude 
difference.  The  error  probabilities  given  above  for  non-coheront 
detection  arc  based  on  the  assumption  that  the  bandwidth  of  the  MARK 
and  SPACE  filters  are  only  wide  enough  to  accommodate  the  baseband 
data  without  severe  distortion,  and  also  that  the  detector  is  linear. 
Due  to  instabilities  of  the  carrier,  the  filter  bandwidths  will  be 
larger  than  the  baseband  data  bandwidth  and  the  detector's  are  non- 
linear at  low  (S/N).  Therefore  the  performance  will  not  equal  that 
given  by  L2  except  at  high  (S/N). 


6.4. 3. 2  Rayleigh  Fading.  The  average  error  probabilities  for 
non-coherent  and  coherent  processing  are  given  in  17  ana  IP  be] ow 
under  conditions  of  Rayleigh  type  signal  fading.  These  results 
must  be  considered  in  light  of  the  caveats  mentioned  previously  about- 
bit  rates: 

(17)  Tef  » — (NON-COHERENT) 

NC  2 + Y0 


(1.8)  Pe/C 


1 

2 


1 


(COHERENT) 


where 


Yo  « (S/N)  averaged  over  fading 


6.4. 3. 3 ECM  & RFI.  Against  broadband  noise,  a narrowband  FSK 
system  would  have  the  advantages  of  any  narrowband  system.  Similarly, 
against  RFI  the  performance  depends  on  the  bandwidth  of  the  RFI 
compared  to  the  sensor  channel  and  whether  they  are  collocated.  BFSK 
performance  against  other  types  of  ECM  may  not  be  as  good  due  to  the 
ease  with  which  messa6«_B  may  be  intercepted. 

6.4. 3.4  Spectrum  Utilization.  The  transmission  bandwidth  re- 
quirement for  BFSK  modulation  may  be  approximated  by  Carsoi  's  rule,  as 
follows: 


(19)  Bi 
Bp. 

B 

fd 

1**1 


2 Br  (B  + 1)  + 2 ]A  Fj 
data  rate  bandwidth 

r » 

modulation  index  * — 

fm 

carrier  deviation 

frequency  instability  in  Hurt?. 
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If  Che  modulation  index  (0)  Is  large.  FM  Is  usually  taken  Co  be  Che  bit 
rate.  Otherwise,  the  binary  modulation  waveform  is  shaped  to  keep  the 
energy  within  the  minimum  bit  rate-bandwidth  (BT)  which  is  acceptable  to 
other  requirements  such  as  the  near/far  ratio  of  emitters  from  receivers. 

6. 4. 3. 5 Development  Risk.  There  is  no  risk  associated  with  the 
development  of  the  BFSK  system  since  it  has  been  used  perhaps  more  than 
any  other. 

6.4.4  M-Ary  FSK.  In  contrast  to  binary  communication  where  two 
symbols  are  used  (e.g.,  HARK  and  SPACE),  M-Ary  signaling  involves  the  trans- 
mission of  M unique  symbols  or  signals.  The  method  considered  here  incor- 
porates M frequencies,  one  for  each  symbol  and  is  therefore  called  M-Ary 
FSK  indicating  a similarity  of  BFSK.  At  the  transmission  end  of  the 
communication  channel,  a coder  accepts  k information  bits  in  time  Tm  and 
converts  these  into  2*««M  frequencies  via  a modulator.  Each  frequency 
or  symbol  M^,  is  transmitted  for  Tm  seconds.  At  the  receiving  end,  a bank 
of  M filters  is  used  to  receive  each  of  the  M transmitted  frequencies. 

Since  phase  information,  as  well  as  exact  frequency  information,  ia  not 
considered  to  be  available,  non-coherent  reception  is  assumed. 

6. 4. 4.1  Error  Performance.  For  purposes  of  computing  the  error  per- 
formance it  will  be  assumed  that  the  spacing  of  the  M frequencies  is  such 
that  no  crosstalk  between  channels  oocurs  and  the  noise  and  signal  set  are 
uncorrelated.  The  signal  will  be  envelope  detected.  Therefore,  when  a 
signal  is  present,  all  channel  outputs  except  one  will  contain  noise  only. 

If  all  outputs  are  compared  to  determine  the  output  with  the  largest  envelope 
during  the  sampling  interval  the  probability  of  error  is  found  to  have 
an  upper  bound  which  is  a function  of  the  (S/N)  in  the  channel  (symbol 
frequency  M^)  containing  the  signal,  and  the  number  of  symbols,  or  detection 
channels  M.  This  upper  bound  is  given  by: 

- y 1 2 

(20)  Pe  £ M~1  e (symbol  error  probability) 

2 

where  M “ number  of  symbols,  or  frequencies 
y - symbol  signal-to-noise  ratio 


The  exact  expression  for  Pe  in  terras  of  M and  k is  rather  unwieldy  and  it 
is  best  to  find  its  value  from  curves  which  have  bean  prepared  by  computer 
integration  of  the  error  function. 
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In  order  no  make  a comparison  between  the  performance  of  M-ary  non- 
coherent FSK  and  3FSK  (or  other  methods)  it  is  customary  to  assume  a 
fixed  information  rate  R,  where: 


(21) 


R “ k/.r  * information  rate  in  bits/sec 
k “ log^M  ■ information  bits  per  symbol 


T m symbol  duration  in  seconds 

m 


The  power  required  for  a given  rate  (R)  is  then  compared  for  various  symbol 
alphabets  (M)  versus  binary  symbol  transmission.  It  can  be  shown  that 
the  normalized  (S/N)  per  bit  (yh  “ y/k)  decreases  with  increasing  M for 
a given  Pe  (See  Figure  Q-5).  This  decrease  in  power  requirement  for  a 
given  information  rate  (R)  is  achieved  by  an  increase  in  bandwidth 
requirement.  At  the  same  time,  there  is  a (M/2)  - fold  increase  in  the 
receiver  processing  circuitry  over  a binary  system  since  a separate 
filter  and  detection  channel  is  required  for  each  symbol  (M)  plus  a 
sizeable  increase  in  decision  circuitry  required  for  determining  the 
greatest-of-M  outputs.  Finally,  the  equivalent  average  probability  of 
Information  bit  is  related  to  the  symbol  error  probability  by  assuming 
that  when  a symbol  error  is  made,  any  of  the  other  (M-l)  symbols  are 
equally  likely  to  be  selected  instead  of  the  correct  one.  This  will 
be  the  case  with  M-ary  FSK  although  it  would  not  be  true  with  some  other 
modulation  methods.  In  this  case: 


Pe^  ■ average  information  bit  error  probability 
Pe  **  average  symbol  error  probability 
M * 2^  symbols  or  signals 


Therefore : 


(23) 


2,  4,  8, ) 


6. 4.q.2  Rayleigh  FadlnR.  Using  the  upper  bound  on  the  error  pro- 
bability given  by  20  } the  error  probability  of  an  M-ary  FSK  with  Rayleigh 
fading  is  similar  to  that  for  BFSK  except  for  a factor  (M-l)  and  the 
interpretation  of  (S/N).  That  is: 

That  is: 

(24)  Pe/RF  < M-l 
- 2 + Yo 

when  yo  ■ Symbol  (S/N)  averaged  over  fading. 


j 


i 
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6.4. 4. 3 ECM  & RFI.  The  performance  of  M-ary  FSK  in  an  ECM  or  FJI 
environment  will  be  dependent  upon  the  value  of  M and  therefore  the  number 
of  bits  per  message.  With  a L-bit  message  there  are  2L  unique  messages. 

For  large  L it  is  obvious  that  M will  be  quite  large  if  a unique  frequency 
is  associated  with  each  message.  The  M-ary  modulation  method  takes  on 

the  character  of  a frequency  bopping  transmission  system  and  its  susceptibility 
to  ECM  & RFI  would  be  comparable.  Since  the  probability  of  a given  message 
occurance  must  be  assumed  random  the  receiver  cannot  be  synchronized  with 
the.  transmitter  in  order  to  reduce  receiver  complexity.  This  precludes  the 
use  of  large  values  of  M in  a practical  REMBASS  system.  Large  message  length 
must  be  broken  up  into  k-bit  segments  such  that  a given  message  is  trans- 
mitted as  a sequence  of  (L/k)  symbols,  or  frequencies,  which  are  spread 
across  a frequency  band  M/Tn,  where  Tm  is  the  duration  of  a symbol.  It  is 
therefore  possible  that  the  susceptibility  to  spot  detection  would  be  less 
t.lian  if  the  message  was  transmitted  BFSK  at  the  same  information  (bi:)  rate. 
Against  broadband  noise  or  localized  RFI,  improved  performance  would  be 
possible,  since  the  power  required  for  a given  bit  error  probability  de- 
creases with  M.  Therefore  for  the  same  power  output  a margin  is  obtained 
against  Gaussian  type  noise  with  increasing  M.  For  M”8,  (k-3),  a margin 
of  about  4 dB  is  possible  as  compared  to  BFSK.  The  margin  does  not 
increase  directly  with  M. 

6. 4. 4. 4 Spectrum  Utilization.  The  improved  performance  of  M-ary 
FSK  over  binary  FSK  modulation  is  obtained  at  the  expense  of  additional 
bandwidth  requirements.  The  relative  bandwidth  increases  as  the  number 
of  bits  per  symbol  (where  the  information  rate  is  constant)  as: 


(k  + 1) 

(25)  B “ ?M  - 2 

r ' k k 

k ■ information  bits  per  symbol  M 

- Relacive  bandwidth  (Bandwidth ‘'bit  rate) 

Figure  8-5  is  a plot  of  the  bandwidth  and  (S/N)  per  bit,  at  a Pfi  of  10 
as  a function  of  k (or  M) . It  can  be  seen  that  the  bandwidth  requirement 
increases  at  a faster  rate  as  k increases.  The  required  decreases  as 
k increases  but  the  rate  of  decrease  becomes  less  with  increasing  k.  Con- 
sequently the  trade-off  between  bandwidth  and  y^  becomes  less  attractive 
for  a k value  above  3 or  4.  The  optimum  value  of  k is  2 since  no 
increase  in  bandwidth  is  required  to  transmit  two  bits  per  symbol 
vs  one  bit  per  symbol  and  the  power  required  is  almost  50%  less  for  the 
same  symbol  error  rate  of  10"5.  This  reduced  power  requirement  is  accom- 
plished at  the  expense  of  a coder  and  four-frequency  modulator  in  the 
transmitter  as  well  as  double  the  amount  of  filters  and  detectors  in  the  re- 
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cetvers.  If  bandwidth  is  at  a premium,  rather  than  power,  the  same  band- 
width may  be  used  to  accommodate  twice  the  information  bit  rate  for  H“2  (BFSK.) 
at  the  expense  of  the  2.4  dB  increase  in  power,  the  bit  error  rate 
remaining  constant  at  10"-’. 

6.4.4. 5 Development  Risk.  There  is  no  appreciable  development  riak 
associated  with  M-ary  FSK  systems  if  the  value  of  M is  not  large.  M-ary 
systems  are  not  new  and  development  activities  would  be  directed  toward 
approaching  the  maximum  performance  predicted  by  analysis. 


6.4.5  Phase  Shift  Keying  (PSK) . Whereas  BFSK  and  M-ary  FSK  are 
digital  forma  of  7M,  PSK  may  be  considered  the  digital  form  of  PM.  Al- 
though PSK  can  be  shown  to  be  the  optimum  binary  modulation  method  in 
terms  of  minimum  bit  error  probability  for  a given  bit  energy,  it  has 
limited  applications  in  practice  due  to  the  requirement  for  a coherent 
detector  in  the  receiver  for  recovering  the  digital  data.  Matched  filters 
are  available  for  performing  the  modulation  and  demodulation  process 
although  the  processing  gain  achievable  at  present  Is  limited.  Nevertheless, 
in  certain  applications,  PSK  modulation,  using  surface  wave  devices  (SWD's)  as 
matched  filters,  is  a viable  communication  method.  For  the  binary  PSK 
modulation  method  the  optimum  choice  of  signals  to  represent  the  binary 
digits  of  0 and  1 is  that  which  makes: 

S.  (t)  - -S1(t) 

where 

So  (t)  “ signal  representing  a binary  'O' 

S^  (t)  ■ signal  representing  a binary  '1* 

Also  the  transmitted  signals  are  arranged  to  contain  the  same  energy,  or 
equal  power,  since  their  duration  (T)  is  generally  the  same.  A matched 
filter  (or  correlator)  at  the  receiver  followed  by  sampling  at  intervals 
of  T will  produce  the  maximum  (S/N)  for  the  given  signal  energy  and 
white,  noise  at  the  filter  input.  Due  to  the  difficulty  of  providing  a 
reference  signal  in  the  receiver  with  correct  frequency  and  phase,  the 
correlator  (coherent)  processor  Is  not  a practical  implementation  for 
burst  type  data  messages  of  the  REMBASS  type.  However,  acoustic  delay 
lines  may  be  fabricated  to  provide  a matched  filter  operation  and  this 
technique  is  used  with  PSK  modulation  to  provide  good  performance  with 
certain  wideband  transmission  systems,  such  as  pseudo-noise  coded  spread 
spectrum.  Typical  signal  waveforms  v/hich  fulfill  the  above  relation 
between  and  S2  are: 

(t)  * A Cos  Wct 
S2  (t)  - A Cos  (Wct  + *”) 

When  W,  is  either  the  carrier  frequency  or  an  intermediate  frequency 
depending  on  the  structure  of  the  modulator. 

6. 4. 5.1  Error  Performance.  As  indicated  previously,  a coherent 
PSK  digital  modulation  system  provides  the  lowest  bit  error  probability 
of  all.  It  is  related  to  the  bit  energy  in  a white  Gaussian  noise  environ- 
ment by: 
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pe  • I erfc  PLQzM 


V 2 *o 


where 


erfc(x)  - Complimentary  error  function  of  (x) 

E - Average  signal  energy/bit 

n0  “ One-sided  noise  spectral  density 

\ «■  Cross  correlation  coeff.  of  the  binary  modulation 

waveforms  over  their  equal  time  interval  T. 

For  the  optimum  system,  the  binary  signals  are  correlated  an  X ~ -1. 
In  this  case  the  error  rate  is  minimized  and  is  given  by: 

(27)  Pe  *■  _1  erfc  ~\Je/  n0  “ 1/2  erfc  VT 
2 


6.4. 5.2  Rayleigh  Fading.  The  error  performance  of  a coherent  PSK 
modulation  system  in  a Rayleigh  fading  environment  is  given  by: 


P « i f 1 

e 2 

_ 


where 

Y0  - mean  (S/N)  averaged  over  fading  and  non-fading  as  before. 
Whereas  in  a non— fading  environment,  the  error  performance  of  coherent  PSK 
is  significantly  better  than  other  modulation,  methods,  the  relative 
difference  is  not  great  where  reasonably  low  average  error,  rates  are  re- 
quired in  a slow,  non-selective,  Rayleigh  fading  environment.  For  large 
Yo  28  becomes: 

(29)  P - 1 ; (Yo  » 1) 


For  a given  (S/N)  the  error  probability  of  ideal  PSK  may  be  two  or  more 
orders  of  magnitude  less  than  other  methods.  In  a fading  environment 
the  difference  is  not  too  significant  at  high  Yo's. 

6. 4.5. 3 ECM  & RFI.  In  applications  where  coherent  PSK  may  be 
used  with  matched  filters  (SWD's)  (such  as  spread  spectrum  systems),  a 
small  amount  of  processing  gain,  and  therefore  some  interference  margin, 
may  be  obtained.  To  obtain  significant  margins  requires  special  techniques 
such  as  transmiting  a reference  signal  for  the  receiver  to  use  in  establish- 
ing and  maintaining  frequency  and  phase  coherence  by  a special  tracking  loop  (PLL), 


This  requires  additional  power  which  does  not  contribute  to  the  (S/N)  of 
the  transmitted  data.  Unfortunately,  In  order  to  maintain  coherence  a 
high  (S/N)  is  required  in  the  tracking  loop.  Viterbii/has  shown  that 
the  optimum  detector  for  "partially"  coherent  reception  is  a linear  com- 
bination of  the  non-coherent  detector  and  the  purely  coherent  detector, 
where  the  relative  weighting  coefficients  are  1 and  2 a respectively. 

The  parameter  a is  the  effective  (S/N)  in  the  tracking  loop.  Whether 
the  added  complexity  of  the  receiver  is  worth  the  additional  performance 
improvement  during  periods  of  large  a (>10  dB)  would  obviously  depend 
upon  the  application.  However,  unless  the  signal  waveforms  are  correlated 
(or  almost  so)  the  dual  processing  required  is  of  questionable  value. 

A typical  coherent  PSK  receiver  is  shown  in  Figure  8-6. 
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FIGURE  8-6 

COHERENT  PHASE  SHIFT  KEYING 


6.4. 5.4 
per  data  bit 


Spectrum  Utilization.  The  relative  bandwidth,  Br, 
rate)  for  a coherent  PSK  system  is  given  by; 


(bandwidth 


(30) 


B - C - C 
r log2  M k 

M ' Symbol  set  (number  of  phases) 
- 2k 

k ■ data  bits  per  symbol 

C ■ constant  < 2 


4 / “Optimum  Detection  and  Signal  Selection  for  partially  Coherent 

Binary  Communication"  Viterbi,  A.  J.,  IEEE  Trans  on  Info  Theory, 
April  1965 
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For  a binary  PSK  system  k « 1 and  the  relative  bandwidth  ia  about  1/2 
■ the  required  bandwidth  for  a BFSK  system  which  is  not  too  significant 

; at  low  data  rates.  Comparing  25  and  30,  it  is  seen  that  (ideally) 

the  relative  bandwidth  increases  exponentially  with  k for  M-ary  FSK, 

! whereas  it  decreases  inversely  with  k for  M-ary  PSK.  However,  with 

I M-ary  FSK  the  energy  per  bit  decreases  with  increasing  M but  the  converse 

is  true  with  M-ary  PSK.  Since  availability  of  bandwidth  is  not  considered 
as  much  of  a constraint  as  power,  the  bandwidth  efficiency  of  PSK  would 
have  limited  utility  for  REMBASS  as  compared  to  other  methods. 

6. 4. 5. 5 Development  Risk.  Although  choerent  phase  modulated  data 
communication  systems  have  been  built  in  which  coherence  between  the 
receiver  and  transmitter  signals  is  maintained  with  a PLL  in  the  receiver, 
it  cannot  be  said  that  there  is  no  risk  attached  to  the  development  of 
this  type  system  for  REMBASS.  When  the  burst  characteristic  of  the  data 
signals  are  considered,  as  well  as  the  fact  that  high  (S/N)  cannot  bt 
insured,  it  is  doubtful  that  the  predicted  performance  could  be  approached 
very  closely  in  tile  manner.  Phase  shift  modulation  is  a natural  modula- 
tion method  for  analog  matched  filters  such  as  SWD's.  In  this  case, 
coherence  is  only  a function  of  mechanical  and  temperature  characteristics 
of  the  SWD's  and  can  be  controlled  to  within  about  1 dB  of  theoretics  1 
performance.  The  major  disadvantage  with  this  technique  is  that  there 
is  a state-of-the-art  limit  at  present  on  the  minimum  tolerable  data 
rate  of  about  50  x 10^  b/s.  Therefore  it  is  usually  reserved  for  coded 
spread  spectrum  transmission  systems.  A more  recent  development  using 
, solid-state  aemi-conductor  techniques  has  resulted  in  matched  filter 

1 for  low  data  rate  applications.  These  techniques,  called  charge-transfer 

devices  (CTD's),  will  provide  a complimentary  capability  to  the  SWD'u, 
i and  permit  use  of  PSK  modulation  for  low  data  rate  narrowband  trans- 

j mission  systems.  Although  these  CTD's  have  not  reached  the  state-of-the- 

art  category  of  SWD's,  it  is  expected  that  they  will  be  available  fo* 
general  use  in  the  near  future.  Nevertheless,  a reasonable  development 
risk  should  be  associated  with  PSK. 
f. 

•,  6.  A.  6 Differential  Phase  Shift  Keying  (DPSK) . This  modulation  tech- 
s'- nique  is  sometimes  called  a differential  "coherent"  phase  shift  keyed 

| system,  although  the  implementation  of  the  method  does  not  have  all  the 

[ attributes  of  a coherent  system.  The  transmitted  waveforms  are  the  same 

r as  PSK  in  order  to  obtain  a cross  correlation  of  -1.  The  differential 

| aspect  of  the  method  arises  in  that  absolute  phase  is  not  essential, 

j-  Decoding  is  performed  by  comparing  the  phase  of  each  bit  with  the  previous 

bit  to  determine  if  a change  in  phase  has  occurred  and  therefore  identifying 
the  code  bit  sent.  In  view  of  the  fact  that  the  "reference"  signal  Ls 
a transmitted  signal  also,  and  therefore  corrupted  by  noise,  errors  are 
no  longer  independent.  In  fact  errors  tend  to  occur  in  pairs  in  a DPSK 
system.  Whether  or  not  this  is  important  depends'  upon  the  application. 


Where  a set  of  symbols  Is  transmitted  as  binary  code  groups,  two  con- 
secutive errors  would  generally  be  no  more  significant  than  a single 
error.  However,  a single  bit  error  correcting  code  would  be  of  little 
use  when  errors  are  likely  to  occur  in  pairsi^  A typical  DPSK  receiver 
is  shown  in  Figure  S-7. 


FIGURE  8-7 

DIFFERENTIAL  PHASE  SHIFT  KEYING  RECEIVER 


6. 4. 6.1  Error  Performance,  if  the  reference  signal  was  not  subject 
to  the  same  noise  as  the  signal  being  compared  the  probability  of  etror 
for  DPSK  would  be  the  same  as  coherent  PSK.  Due  to  the  noise  perturbations 
of  the  reference  signal  the  DPSK  error  rate  is  given  by: 

(31)  Pe  - 1/2  exp  (-Y) 

Y * average  (S/N)  “(E/nQ) 

This  is  the  asymptotic  value  approached  by  coherent  PSK  for  large  (E/nc). 
Although,  for  a given  error  rate,  the  difference  in  required  (E/r,ul  between 
coherent  PSK  and  DPSK  approaches  zero  for  small  error  rates,  the  difference 
in  error  rates  for  a given  (E/n0)  increases  with  reduced  error  rates.  That 
is,  the  ratio  of  error  rates  for  DPSK  and  PSK  diverges,  just  as  does  non- 
coherent and  coherent  FSK. 

Comparing  DPSK  and  non-c.oherent  FSK  it  is  seen  that  an  increase  of 
3 dB  (S/N)  is  required  for  FSK  over  DPSK  at  the  same  error  rate. 

6.4. 6. 2 Rayleigh  Fading.  In  view  of  the  similarity  of  error  rate 
performance  between  FSK  and  DPSK  it  is  not  surprising  that  a similarity 
exists  between  their  performance  under  non-selective,  slow  Rayleigh  type 
fading  conditions.  For  DPSK  this  is  given  by: 


5/  "Comparison  of  Binary  Data  Transmission  Systems" 

John  G.  Lawton,  Cornell  Aeronautical  Laboratory, Inc . 
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Y„  * (S/N ) averaged  over  a fading  cycle 
For  largeYo  (»1)  the  error  rate  for  DPSK  is  only  one  half  that  for  FSK 
at  the  same  Y«,  and  it  is  twice  that  for  PSK.  Therefore,  under  conditiona 
of  slow  Rayleigh  fading  signals,  selection  of  FSK,  PSK  or  DPSK  would  be 
made  on  the  basis  of  something  other  than  average  error  performance.  Of 
course  during  the  intervals  of  no  fading  the  relative  error  performance 
would  be  significantly  different. 

6.4.6. 3 ECM  6 RFI.  With  comparable  data  rates,  power,  etc.  the 
performance  of  DPSK  against  broadband  noise  or  RFT  would  be  a little 
better  than  FSK  but  not  ao  good  as  PSK  for  reasons  of  bandwidth  and  error 
performance  already  mentioned.  Against  other  types  of  interference,  other 
factors  might  determine  the  relative  performance  of  DPSK  vs  other  methods. 

6. 4. 6. 4 Spectrum  Utilization.  Since  the  modulation  procedure  for 
DPSK  is  a discrete  shift  in  phase  for  the  transmission  of  data,  similar 
to  PSK,  the.  bandwidth  requirements  for  a given  data  rate  should  be  the 
same  as  PSK.  Aa  compared  to  other  methods,  it  would  be  equally  good  or 
better  than  most,  depending  on  the  data  rate. 

6. 4. 6. 5 Development  Risk.  There  should  be  no  particular  risk 
involved  in  implementing  a DPSK  system.  Two  methods  are  currently  common, 
either  of  which  would  work,  satisfactorily  at  the  expected  PEMBASS  data 
rate  requirements.  Techniques  utilizing  integrate-and-dump  (I.&D)  filters 
have  limitations  above  several  kilobits  per  second  but  it  is  not  expected 
that  REMBASS  requirements  will  exceed  this  unless  digitized  analog  data 

is  transmitted. 

6.4.7  Chirp.  Pulse  compression/decompression  modulation  techniques 
were  developed  at  the  Bell  Telephone  laboratories  in  the  early  1950s  for 
applications  in  radar.  The  work  was  declassified  and  reported  by  Klauder, 
et  al  in  1960^/,  It  was  at  Bell  that  the  name  "chirp"  was  coined  to 
describe  the  process  of  linear  FM  which  Chirp  uses.  This  principle  hcs 
subsequently  been  applied  to  data  modulation,  but  without  the  success  which 
it  provided  in  radar  application.  In  its  simplest  form,  a transmitter 
generates  a constant  amplitude  RF  pulse  of  duration  T,  during  which  time 
the  frequency  is  changed,  by  an  amount  A,  from  some  initial  value  f^  to  a 
final  value  f£  at  the  end  of  time  T.  At  the  receiver  the  frequency  modulated 
pulse  is  passed  through  an  appropriate  network  (dispersive  filters)  ind 
the  pulse  is  "collapsed"  from  a pulse  of  duration  T to  one  of  duration  1/A  , 
approximately.  Since  energy  is  conserved,  the  power  gain  is  proportional 
to  IS . In  radar  this  term  is  called  the  Dispersion  Factor;  in  communications 
it  is  usually  given  the  name  Processing  Gain  (against  White  Gaussian  noise). 


6/  "The  theory  and  Design  of  Chirp  Radars,"  The  BSTJ,  Vol.  39,  1960 
pp.  745-308,  J.  R.  Klauder,  A.  C.  Price,  S.  Durlington,  and 
V.  J.  Albersheim. 
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In  practice,  two  factors  way  limit  the  full  utilization  of  this 
principle:  1)  the  design  of  networks  (active  or  passive)  to 

provide  the  complementary  frequency  dispersion  characteristics 
desired;  and  2)  sidelobes  on  the  collapsed  pulse.  The  first 
problem  has  been  alleviated  by  the  recent  explication  of  SWD's 
as  linear  dispersive  filters  The  second  problem  is  of  most 
concern  for  low  TA  products  (<50).  Until  recently  the  sidelobes 
have  been  suppressed  by  applying  weighting  functions  to  the  fre- 
quency response  function  of  the  linear  FM  filter.  This  had  the 
deleterious  effect  of  reducing  the  (S/N)  and  widening  the  output 
pulse  from  the  theoretical  value.  For  a large  TA  product  (>100) 
the  loss  in  (S/N)  may  be  only  a few  decibels.  The  primary  problem 
was  the  complexity  of  the  frequency  weighting  operation.  This 
problem  has  been  simplified,  again  by  the  use  of  SWD's,  in  which 
non-linear  FM  pulse  compression  filters  hav>:  been  designed  which 
considerably  reduces  the  amplitude  of  the  sidelobes,  even  at  low 
TA  products 

In  data  communication  the  larger  the  TA  product  ("Processing 
Gain)  the  better.  However,  the  application  of  SWD's  to  Chirp 
modulation/demodulation  systems  have  similar  limitations  as  with 
coded  spread  spectrum  applications.  Since  the  pulse  duration  TA 
is  limited  large.  TA's  can  only  be  achieved  by  increasing  the 
bandwidth  of  the  Chirp  signal.  Bandwidths  of  up  to  40%  have  been 
reported  utilizing  special  design  techniques Chirp,  as  a 
modulation  method  for  data  communication  is  essentially  a form  of 
spread  spectrum  and  therefore,  has  similar  attribute > and  dis- 
advantages as  a pseudo-noise  coded  spread  spectrum  system.  How- 
ever, there  are  applications  in  which  the  Chirp  modulation  tech- 
nique are  superior  to  PNSS„i2£ 

6.4. 7.1  error  Performance.  The  error  performance  of  a Chirp 
modulation  DTS  would  be  equally  as  good  as  other  coherent  systems, 
assuming  that  a matched  filter  Chirp  system  is  approximated 
using  "tailored”  SWD's.  Chirp  may  be  applied  in  an  00K  mode  but 
would  have  the  detection  and  processing  limi.ations  of  00K,  with 


7/  "Ranging  and  Data  Transmission  Using  Digital  Encoded  FM-Chirp 
Surface  Acoustic  Wave  Filters."  IEEE  Trans,  on  Microwave  Theory 
and  Techniques,  Vol.  MTT-21  No.  4,  April  1973,  J.  Burnsweik 
and  J.  Wooldridge. 

8/  "Implementation  of  Non-Linear  FM  Pulse  Compression  Filters  Using 
Surface  Wave  Delay  Lines,"  J.C.  Worley,  Sperry  Rand  Research 
Report,  March  1971. 

9;  "Highly  Dispersive  Acoustic  Filter  Study,"  Hughes  Aircraft  In- 
terim Report,  Contract  No.  DAAB07-71-C-0046. 


10/  "Linear  FM,  Spread  Spectrum  Signal  Formats  for  Beacon  and  Com- 
munication Systems,"  by  C.E.  Cook,  MITRE  WP-4212,  16  February  1972. 
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the  exception  of  the  resultant  processing  gain  and  noise  immunity 
of  Chirp.  The  more  likely  implementation  would  be  similar  to 
M-ary  FSK.  Within  a given  time  or  frequency  space  various  T^A^ 
products  with  both  positive  and  negative  slopes  could  be  configured. 
A single  receiver  could  process  all  signals  within  a specified 
maximum  TA  range.  The  particular  Tj.Aj  assigned  to  a given  sensor 
(field)  would  be  a function  of  the  < istance  from  sensor  to  receiver, 
and  therefore,  the  post-detection  ( >/N)  at  the  receiver  would  be 
somewhat  normalized  for  all  sensor  fields.  This  has  the  obvious 
disadvantage  that  the  crosstalk  between  filters  for  complementary 
signals  (1,  or  0),  as  well  as  certain  interference  signals,  is 
inversely  proportional  to  the  TA  product  and  would  therefore  be 
different  for  different  fields.  The  simplest  implementation  is 
a method  whereby  a positive  Chirp  (f  vs.  t)  is  used  for  one  symbol 
(e.g. , binary  1)  and  an  equal  negative  Chirp  is  used  for  the  second 
(complimentary)  symbol.  In  this  way  the  peak  amplitude  response 
of  the  filter  matched  to  the  ’one*  (zero)  Chirp  due  to  the  linear 
FM  signal  representing  a 'zero'  (one)  is  given  by: 

„ 1 _ 1 

x/IblTA  “ 


where 


1 6! - |S1  - So|  - 2 
Ai  ° A0 

bl  Ti  ” Tq  " “S0  <by  design) 


Due  to  the  'smearing1  of  the  energy  over  a longer  time  interval 
by  the  'non-matched'  filter,  a consecutive  sequence  of  like  sym- 
bols (l's  or  0's)  would  cause  a linear  build-up  of  the  noise  in 
the  'non-matched'  filter  output  with  a resultant  degradation  of 
output  (S/N).  The  signals  described  above  to  represent  the  binary 
symbols  1 and  0 can  be  shown  to  be  essentially  orthogonal  for 
large  TA.ii^  Therefore,  the  probability  of  error  for  a dual 
matched  filler  "Chirp"  FM  system  would  be  similar  to  a matched 
filter  FSK  system,  i.-e. , 


11/  "Noise  Immunity  of  a Digital  Data  Transmission  System  Using 
Linearly  Frequency-Modi.lated  Signals,"  Telecommunications, 
Vol.  22,  No  4,  1964;  D.L.  Zaytdev  and  V.I.  Zhuravlev. 


Pe  > 1/2  erfc 


(Matched  I-ilter) 
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6. 4. 7. 2  Rayleigh  Fading.  The  performance  of  Chirp  modulated  data 
systems  in  a reflective-multipath  fading  environment  is  dependent  upon  the 
path  delay  between  the  signal  paths  in  relation  to  the  TA  product  of 
the  Chirp  signal.  Since  a Chirp  matched  filter  processor  can  process 
overlapping  input  signals  as  long  as  the  time  difference  between 
the  compressed  pulses  is  greater  than  (ideally),  12/the  path 

difference  for  reflected  signals  must  Le  greater  than  T/D,  where  T is  the 
duration  of  the  Chirp  signal  and  D is  the  "dispersion  factor"  (6)  of  the 
matched  filter.  This  is  in  contrast  to  other  modulation  methods,  and 
particularly  PN  coded  spread  spectrum,  in  which  any  overlapping  of  input 
signals  may  cause  interference  depending  on  the  relative  phase  of  the  direct 
and  reflected  signal  at  the  receiver  input.  In  this  regard.  Chirp  would  be 
superior  to  most  frequency  modulation  methods. 


6.4. 7. 3 ECM  & RFI.  The  Chirp  modulation  method  of  binary  data  communi- 
cation is  a method  of  bandwidth  spreading.  Assuming  a matched  filter  processor 
in  the  receiver,  the  processing  gain  is  directly  proportional  to  this  band- 
width expansion  factor  as  with  other  coherent  systems.  Against  a power- 
limited  noise  jammer,  the  effective  jammer  noise  power  at  the  matched  filter 
output  is  inversely  proportional  to  the  processing  gain.  Consequently,  the 
Chirp  performance  is  similar  to  other  methods  against  this  type  of  interference. 
Against  a continuous  CW  signal  within  the  filter  bandwidth,  the  only  effect 

of  the  matched  filter  is  to  delay  the  signal  in  proportion  to  the  frequency 
but  the  output  power  of  the  CW  signal  is  essentially  unchanged  through  the 
filter.  Therefore,  the  Chirp  performance  depends  upon  the  relative  power 
levels  at  the  input  to  the  matched  filter,  the  processing  gain  and  the  re- 
quired error  performance.  This  is  in  contrast  to  other  modulation  methods 
where  the  CW  frequency  (or  modulation)  may  correlate  with  the  coherent  pro- 
cessor to  cause  added  interference  at  the  processor  output.  Against  impulse- 
type  noise  signals,  the  Chirp  matched  filter  delays  the  frequency  components 
of  the  impulse  causing  a "smearing"  of  the  pulse  energy  and,  therefore, 
produces  an  effective  peak  power  reduction  at  the  output.  Since  the  sampling 
time  of  the  filter  output  for  the  data  signals  is  inversely  related  to  the 
bandwidth  expansion  factor,  the  pulse  energy-to-noise  density  is  accentuated 
during  the  sampling  interval  and  the  impulse  noise  is  suppressed.  13/ 

6. 4. 7. 4 Spectrum  Utilization.  Overlapping  Chirp  signals  can  be  resolved 
without  serious  interference  if  the  signals  have  a time  difference  equal  to 
or  greater  than  (1/2A)  where  A is  the  bandwidth  of  the  linear  Chirp  signals, 
assumed  to  be  equal.  This  is  in  contrast  to  coded  spread  spectrum  signals 
where  the  probability  of  interference  between  overlapping  signals  may  be 
strongly  influenced  by  the  relative  phase  of  the  two  signals. 

13/  "Swept  Frequency  Modulation",  E.K.  Holland-Moritn,  J.C.Dute  and 
D.R.  Brundage,  University  of  Michigan,  Institute  of  Science  and 
Technology. 

12/  "Coming  to  Grips  with  Multipath  Ghosts"  Electronics,  Nov.  27,  1967, 

D.  S.  Deyton 
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In  thin  sense,  Chirp  has  a potentially  improved  spectrum  utilization. 

Being  able  to  resolve  overlapping  Chirp  signals  requires  increased  com- 
plexity  in  the  receiver,  depending  on  the  number  of  message  overlap  ex- 
pected. In  a REMBASS  communication  system  which  may  utilize  several 
repeaters  in  each  link,  the  receiver  should  be  as  simple  as  possible. 
Therefore,  the  maximum  utilization  of  the  spectrum,  which  results  in  a 
complex  receiver,  may  not  be  desirable.  The  system  spectrum  may  be 
divided  into  several  channels  in  order  to  accomodate  more  signals  (sensors) 
but  a reduction  in  AJ  margin  accompanies  the  resultant  decrease  in  time- 
bandwidth  product  of  the  Chirp  signal.  All  things  considered,  the  spectrum 
utilization  of  Chirp  modulation  for  REMBASS  is  not  considered  to  be  too 
satisfactory. 

6. 4. 7. 5 Bevelopmeut  Risk.  If  time-bandwidth  products  of  about 
500  or  less  are  assumed,  the  development  of  a Chirp  communication  system 
using  acoustic  delay  lines  is  not  considered  to  be  a high  risk.  SWD's 
have  been  bu-flt  with  time-bandwidth  products  of  1,000  or  greater  but  these 
are  expensive  and  are  not  considered  to  be  state-of-the-art. 

6.4.8  Linear  FM.  Linear  FM  is  a means  of  transmitting  analog  infor- 
mation by  frequency  modulating  the  carrier  in  proportion  to  the  amplitude 
of  the  analog  signal.  Therefore,  it  is  not  considered  as  a means  of  trans- 
mitting digital  data.  When  a choice  of  modulation  for  REMBASS  digital  data 
is  selected  an  analysis  will  then  be  performed  to  determine  the  relative 
merits  of  using  linear  FM  for  tba  analog  data  versus  digitizing  the  analog 
data  and  using  the  same  modulation  as  for  digital  data. 


TABLE  VIII-I 


SUMMARY  OF  ERROR  PERFORMANCE  ANALYSIS 


ALTERNATIVE 


PROBABILITY  OF  ERROR  FUNCTIONS  (BIT  OR  SYMBOL) 


COHERENT 


NON-COHKRENT 


WITH  RAYLEIGH  FADING 


Pe  a exp  Pe  - l/2  exP  (~Y/A)  Pe  ~ -y-~ 


(Y  » 1) 


Y > > 1 ; optimum 
threshold 


(Yo  > > A) 


pe  * * P'"  Sl„fe\exp<-v)  P * 1/2  [l  •y-L.J 

Y - (C/N)  Y - <C/N>  \ / P"  .734,  ft  - .82 


Gaussian  region; 
p < . 73A 

(NOTE  1) 


- Xw,.,/IF 

Spike  region; 
.73A  < p < 4.74 

(NOTE  1) 


Pe  - 1/2  erfc/v/2  " Pe  - 1/2  exp  (-Y/2) 


y/2*V 


’P(-Y/2) 


( Y»1  ) 


e 1 +Yo 
P > .734 


2 + Yo 

(non-coherent) 


hs-  i-yi 


v 1 Yo 
(coherent) 


M-Ary 

FSK 


(Not  Applicable) 


Pe  = 1/2  erfc  /T" 
exp  (“V  } 

(correlated  signals, 

X - 


pes  ~ ^ exP  (-Y/2> 
(symbol,  error) 


pet  - rn  Y-x-]- 

(Bit  error) 


(Not  Applicable) 


T <Jti- 

res  - 2 H-Yo 


P-k  - 1/2 


I>« 


(Y0  » 1) 


(1)  The  y used  £ or  Pe  with  BFM  is  the  IF  carrier/noise  ratio. 

For  all  others,  y Is  the  signal /noise  ratio  at  detector -input. 


TABLE  VIII-ii 
SUMMARY  OF  ERROR  RATE  DATA 


NON-FADING  ENVIRONMENT 


ALTERNATIVE 


M-Ary 

FSK 


Detector  Input  (S/N)  - 

( y - lAdB)  14dB I Pe 


Coherent 


2.14x10' 


-7 

: 3x10 

3.7 

I 

Pe  | = 5xlo"5 

9. 

Non-coherent : 9.5x10“^ 


Gaussian  Region:  1.55x10 
(P“  .73) 

(yIF  - 17.75  *=■  12.5  dB) 


Spike  Region:  Pe  =■  ? 

(8  - 3.14) 

Y1F  “ 7 (NOTE  1) 


Coherent  : 3x10  7 


Non-coherent : 1.9x10  ^ 


Coherent  : Not 

Applicable 


Non-coherent:  3.7x10 

(M=4)  ; (Bit  Error) 


Coherent  : 7.6x10 


Non-coherent:  (N/A) 


Coherent  : (N/A) 


Non-coherent:  6.7x10 


RAT INC 


0.85 


0.20 


WITH  RAYLEIGH  FADING 


(7  - 40dB)  Pe  RATING 


— —4 


Pe  = 2x10 


I 


P j £?xl0~5  ; p - .73  10 

6 IG 


P =.  ? 
6 S 


Pi  S 10 
lie 


P S 2x10 
eb~ 


(M  - 4)  (Bit  Error) 


P = 2 . 5x  10 
e 


P = 5xl0-5 
e 


NOTE  1:  (1)  y cannot  be  computed  at  this  y of  14  dB  because  receiver  io  not 
l r 

operating  above  threshold. 


'•  vtr* 


TABLE  VUI-il  (cont'd) 
SUMMARY  OF  ERROR  RATE  DATA 


NON-FADING  ENVIRONMENT 


ALTERNATIVE 


CHIRP 


LINEAR  FM 


( Y - 14dB) 

Pe 

-7 

Cohernnt 

• 

3k  iO 

Non-coheren 

(N/A) 

(N/A) 

RATING  (yo  - 40dB) 


WITH  RAYLEIGH  FADINC 


* 40dB)  Pe  RATING 


(Better  than  PSK) 


(N/A) 


J*..  'V* Ci 


r.  tWTM  ******  W*i*m***n* 


TABLE  VII1-III 


SUMMARY  OF  SPECTRUM  UTILIZATION  (BANDWIDTH) 


I 


ALTERNATIVE 


FUNCTION 


BANDWIDTH 


BANDWIDTH/BIT  RATE  RATING 


I 


Bx  - 2/T 


l<l 


Bc  - 2 Br  (p+  1) 
a A br  ; p « l 
i 10  Br  ; P » 4 


4 ; p S 1 


10  : P - 4 0 


13 

;r, 

fj? 
k ,* 

! 

I 


4 - 2 Br  (P+  1) 


2 (p  + 1)>.  d 

(3  > 3) 


M-Ary 

FSK 


k - information  bits  per  symbol  M 


4 (optimum) 


2 

I 


n log2M 


c S 2 


2 (k  « 1) 


LINEAR 

FM 


V c c 

K ai a — 

n log2M  k. 
c 4 2 


D =*  Dispersion 


Bj  = 2 fin  (p+  1) 


2 (P  + 1) 

(B  i 1) 


TABLE  VIH-IV 
SUMM>RY  OF  ECM/RFI 


M.TERNATIVE 


ECM/RFI  SUSCEPTIBILITY 


RELATIVE 

RATING 


Good  immunity  against  BB  noise. 

Poor  immunity  to  detectability,  NB  noise,  and  CW. 


Approximately  twice  as  good  as  OOK,  on  a power  basis,  for 
the  same  types  of  interference  or  jamming. 


Similar  to  BFM  except  for  somewhat  wider  bandwidth 
requirements  due  to  filter  isolation;  frequency 
instability  effects  may  cause  lesser  performance. 


Similar  to  BFSK  against  noise  interference.  Intercept 
~ ry  susceptibility  may  be  slightly  better  than  other  NB 
methods. 


One  of  the  beat  if  coherent  processors  can  be  used.  Has 
minimum  BW  for  a given  data  rate  and  therefore  best  against 
BB  noise. 


Similar  to  PSK  but  not  quite  as  good  due  to  limitations  of 
coherent  processors. 


Best  method  against  all  types  of  interference,  "m 
CHIRP  optimized  to  any  particular  type. 


LINEAR 

FM 


Due  to  the  'Threshold  Effect'  in  processing  linear  FM 
originals,  this  method  is  susceptible  to  all  types  of 
rf  interference. 


AiiYi'Ltb\jL4.. '..A  i JUi tfllilili ! yj'-'.-JL-- 


^ U.  - rj.  : * 


7.0 


RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 


The  procedures  an.1,  discussions  presented  in  Section  III,  paragraph 

7.0  apply  equally  to  this  section  except  that  the  basic:  data  presented 
in  this  section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  pre- 
sented in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  nominal, 
maximum,  v o minimum  values  of  the  weighting  factors  used  are  given  in 
Table  VIII-VI. 

This  initial  analysis  results  in  the  following  preference  listing  ef 
the  alternatives. 


RANK 

ALTERNATIVE 

EVALUATION  RATING 

1 

PHASE  SHAFT  KEYING 

(E) 

.1.92 

2 

DIFFERENTIAL  PSK 

(F) 

8.44 

3 

M-ARY  FSK 

(D) 

5.09 

4 

ON-OFF  KEYING 

(A) 

6.56 

5 

BINARY  FM 

(B) 

6.51 

6 

CHIRP 

(G) 

5.94 

7 

BINARY  FREQUENCY 

SHIFT  KEYING 

(C) 

5.49 

Since  the 

least  accurate  figures  in  the  calculation 

ere  accurate  to  two  sig- 

nificant  figures  the  evaluation  rating  given  here  is  accurate  to  two 
significant  figures. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  resultant 
evaluation  scores  and  their  ranks,  based  on  nominal  values,  derived  by  each 
of  the  four  analytical  techniques  are  shown  in  Table  VI1I-VIII. 

7.3  Comparison  of  Results  - Nominal  Values.  From  Table  VIII-VIII, 
the  PSK  (E)  and  Differential  PSK  (F)  alternatives  ranked  first  and  second, 
respectively.  In  addition,  E clearly  ranked  above  F by  a significant:  ER 
value  for  each  calculation  technique.  Alternatives  E and  F were  also  grouped 
significantly  above  the  remaining  alternatives  for  all  but  the  Logarithmic 
Technique,  which  exhibited  virtually  no  difference  in  ER  value  between  the 
second,  third,  and  fourth  rankings.  However,  a secondary  grouping  of  titer- 
natives  based  on  the  sum  of  all  four  techniques  does  appear,  and  consists 

of  A,  B,  D,  and  G.  Alternative  D was  the  lowest  ranked  on  a fairly  consis- 
tent basis.  An  analysis  of  the  evaluation  score  data.  Table  VIII-VII  shows 
that  each  alternative,  except  E and  F,  contained  at  least  one  and  sometimes 
two  very  low  scores.  Also,  E and  F scored  the  highest  on  the  criterion 
which  were  most  important;  ECM/RF1  and  Spectrum  Utilization. 
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TAi5L:;  VIII-VI 

weighting  factors 


CRITERION 

NOMINAL 

WEIGHT 

WEIGHT 

MINIMUM 

RANGE 

MAXIMUM 

ERROR  PERFORMANCE 

.1716 

.1000 

.2400 

RAYLEIGH  FADING 

.1316 

.0800 

.2500 

SCM  & Vi  FI 

.2926 

.1900 

.4000 

SPECTRUM  UTILIZATION 

.2521 

.1500 

.3600 

DEVELOPMENT  RISK 

.1521 

.0600 

.2000 
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TABLE  VIII-VII 
EVALUATION  SCORES 


CRITERIA 

I.  ERROR  PE? > jUMANCE  (.1716) 

II.  RAYLEIGH  FADING  (.1316) 

II.  ECM  & RFI  (.2926) 

IV.  SPECTRUM  UTILIZATION  (.2521) 
V.  DEVEOLPMENT  RISK  (.1521) 

EVALUATION  RATING 


I 

ALTERNATIVE^* 


• A. 

' 9 

e 

: 

..  *;  ■ 

— A- 

: .2 

rpr- 

— STT— 

T0V0T 

6 a 6 

3.7^ 

l... 

. J • : 

• - ‘ 

- ■>- 

o 'r 

•V 

.«( i 

10.0 

--8  VO— 

7.8, 

o.c. 

9.1 

i o . n 

. - * -V  ' . 1 

* ■ 

w « *• 

* • *» 

s.  • _ » * 

« « • 

"3  vO  ~ 

; — Tto- 

6 . 0 ' 

■ . 7.0- 

9.0 

6.0 

, i o . o 

*«  > ♦ 

i.  ‘ • • 

• — - 

V ’ 

- ^ 

« * 

■ i.o.o- 

■sra-^ 

2.5 

“ 1.25 

tO.  & 

1.0.0 

.0* 

• *4 

A, 

> * 

* \ 

• ^ 

1*  4* 

‘ ' m 

"" 

« * 

*■  n • 

-trovir 

.10  • 0 , 

~T0.n 

a . tp 

8.0 

7.0 

6.  56 

6.51 

5.49 

5.09 

8.92 

8.44 

5.94 

ALTERNATIVE  KEY 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

& BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 
<£>  DIFFERENTIAL  PSK 
G.  CHIRP 
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TABLE  VII1-VIII 

EVALUATION  EATINGS  AND  RANKS  USING  NOMINAL  WEIGHTS  AND  DIFFERENT  WEIGHTING 
TECHNIQUES 


ALTER- 

ADDITIVE 

RWS 

MULTIPLICATIVE  * 

Lpgarith 

MIC 

ATIVE 

PJTXjjJL 

RANK 

RATING 

RANK 

RATING  RANK 

rating 

RANK 

A 

6.56 

3 

7,i)7 

3 

3.89  6 

8.82 

a 

8 

6.5_t 

a 

1 .bo 

5 

6.01 3 

8.38 

5 

C 

5.69 

6 

6.1  1 

6 

a, 82  a 

7.72 

A 

D 

5,09 

7 

5.02 

L. 

6.01„.'„5 

. 6.15 

7.. .... 

E 

8.92 

i • 

9 .08 

1 

8.70  1 

9,6^ 

1 

. . ...F.  . 

8,6a 

2 

• • e*5i 

2 

_ 8 • 37 2 — 

8.86 

2 

G 

5.9a 

5 

'•  , 7.23 

i 

a 

,78  7 

8.83 

3 

ALTERNATIVE  KEY 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 


8.0  SENSITIVITY  ANALYSIS 


The  procedures  and  discussions  presented  in  Section  III,  paragraph 

8.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 

The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the 
additive  technique  served  as  the  base  set  of  values.  Then  10  additiona)  sets 
of  evaluation  ratings  were  calculated  using  maximum  and  minimum  weighting 
factors  for  each  of  the  b major  evaluation  criteria.  When  the  weighting 
factor  for  one  major  evaluation  criteria  was  changed  to  maximum  or  minimum, 
all  other  major  criterion  weighting  factors  were  adjusted  proportionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted  in 
Figure  8-8.  The  weighted  score  or  evaluation  rating  is  plotted  against  the 
major  criteria  weight  combination  used  in  the  calculation.  From  Figure  8-8 
the  top  two  alternatives  retain  their  rank  throughout  the  sensitivity  study. 
Their  rank  is  very  stable.  The  outcome  for  the  remainder  of  the  alternatives 
is  not  as  clear.  However,  the  alternatives  tend  to  cluster  in  groups,  so 
that  Figure  8-8  serves  as  a basis  for  group  ordering  when  the  ranking  of 
individual  alternatives  is  not  clear.  The  resultant  preference  grouping 
derived  from  Figure  8-8  is  listed  below: 


Group  1 
Group  II 
Group  III 
Group  IV 
Group  V 


Phase  Shift  Keying  (E) 

Differential  PSK  (F) 

Binary  FM  (B) , On-Off  Keying  (A),  Chirp  (G) 
Binary  Frequency  Shift  Keying  (C) 

M-ARY  FSK  (D) 


8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the 
same  way  that  the  additive  sensitivity  study  was  conducted.  A total  of  44 
sensitivity  runs  were  made  for  the  analysis.  These  runs  showed  that  pre- 
ference rankings  for  certain  sensors  remained  constant  while  others  shifted 
within  certain  bands.  Tables  VlII-IX  through  VIII-XI11  show  the  resultant 
final  scores  and  ranu  order  of  the  alternatives  as  the  indicated  major 
criteria  factor  weights  were  varied,  for  the  four  analysis  techniques. 


ii 


The  relationship  among  the  evaluation  .core.^or^ch  J**^*;^ 
nominal  weighting  factors  for  he  sub  additionally  includes  the 

is  as  shown  in  Table  VIII  Vll.  J-aDxe  vx  n he  £ivc  group- 

maximum  and  mininum  values  or  the  ^ ^iS,  Multiplicative  and 

ranked^second  in  thirty-.i.  of  the  p£or^;£°“  ^/Sra^d  ftrat  and^ Lcond, 
remaining  eight  cases.  Therefore,  E and  F clearly  Tha 

respectively,  by  significant  marg  n , . ,,  wich  the  results  shown 

IHlgJre  g-S^eTe^ndlry  group,  comprised  of  A.  B.  and  0, 

^majority  of  theft  raI1hingB  alternately^in  the  third^f our th^and^ fifth 

'ero“;rrUupr“dlr„r^tIyaU:rn.tivey.  C A ».  which  also  agreed  with 
Figure  8-8. 


^ ^W*^h\jT#-V!  ^ v iV^«  0'*^^ ; 


cm  1 l H i A* 


ALTERNATIVE  CODE  IDENTITY  AS  PLOTTED 


ALTERNATIVE  KEY 

ON-OFF  KEYING 
BINARY  FM 

BINARY  FREQUENCY  SHIFT  KEYING 
M-ARY  FSK 

phase  shift  keying 
differential  psk 

CHIRP 


CRITERIA  KEY 


ERROR  PERFORMANCE 
RALEIGH  FADING 
ECM  £ RFI 

SPECTRUM  UTILIZATON 
DEVELOPMENT  RISK 


FIGURE  8-8 


▼ MINIMUM  WEIGHT 
A MAX  I MUM  WEIGHT 


ALTERNATIVE  WEIGHTING  VS  WEIGHTING  COMBINATION  -ADDITIVE  WEIGHTING 


i,:., ..... 
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EVALUATION  RATING 


CHl  1 IRIA 


A 

B 

G 

C 

D 


ALTERNATIVE 

CODE 

IDENTITY 

AS 

PLOTTED 

A 

A 

e 

A 

B 

A 

B 

B 

A 

A 

B 

B 

A 

e 

A 

B 

G 

G 

B 

B 

G 

G 

G 

G 

G 

C 

A 

A 

G 

G 

C 

C 

C 

C 

C 

G 

C 

C 

C 

C 

D 

D 

D 

l) 

D 

D 

D 

D 

D 

D 

ALTERNATIVE  KEY 


CRITERIA  KEY 


A.  ON-ORE  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-AKY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 


I . ERROR  PERFORMANCE 

I I . RALEIGH  FADING 

III.  ECM  & RFI 

IV.  SPECTRUM  UTILIZATION 

V.  DEVELOPMENT  RISK 


A MAX  I MUM  WEIGHT 


T MINIMUM  WEIGHT 


FIGURE  8-8  (Continued) 
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TABLE  VIII-IX 


OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  ERROR  PERFORMANCE  FACTOR 


alter- 

aDOITIVE 

B fc*  5 

MULTIPLICATIVE 

ldcapith 

-TC 

NATIVE  ... 

rating. 

RANK 

RAJ t VG 

rank 

RATING 

RANK 

RATI n& 

9AKJK 

MIN 

A - 

7.11 

3 

. . 1,73 

3 

5.12 

4 

8.94 

4 

9 

6.74 

4 

7 « ?0 

5 

6.23 

3 

8.50 

5 

C 

5.70 

6 

6._3l_ 

6 

s.ot. 

_ .5..  . .. 

7.84 

6 

D ^ 

5,28 

7 

6.01 

7 

4.14 

6 

6.86 

7 

E * 

. 8 *8.1 

1 

.°ai0 

1 

6.60 

_1  . . 

. .9 ,4  1 

. 1 

F 

8.59 

2 

8.65 

2 

8.52 

2 

8. 95 

3 

G.  . 

6,14 

5 

T.A5  _ 

4 

, 68_ 

7 

..  8i9S._ 

? 

MAX  '*')  ' 

— 

— 

~ 

..  . — . 

/ 

...  . 

..... 

... 

A 

6.03 

4 

7j5 

3 

2.99 

....  6 

8.70  . 

0 

6 

. 6.30 

3 

6.79 

5 

5.80 

3 

8.27 

5 

C 

5,29 

6 

' - 5,o  2 . 

6 

4,65 

a 

7.60 

6 

D 

4 .90 

7 

5.63 

7 

3.69 

-5 

6.63 

7 

E 

9, Cl 

1 

9 . i 6 

1 

8,60 

1 

0.52 

1 . 

F 

8.31 

2 

8.39 

2 

8,23 

2 

*.76 

2 

G . • 

5.76 

5 

_ 7.P0 

a 

.89 

...I  ..... 

_..e.7i.  . 

3 

WEIGHTS. USED  IN  THESE  RUNS 


MIN  * - .lOOOf 

- ,1652? 


MIX 


.13957 


.2400, 


- .1430, 


- ,1207? 


- .3179? 
• ,26? 4 i 


- .2739, 

- ,231.33. 


ALTERNATIVE  KEY 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 
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TABLE  VIII-X 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGINC  RAYLEIGH  V ADI IC  FACTOR 


ALTER-  ADDITIVE  RMS  MULTIPLICATIVE  LOGARITHMIC 

NATIVE RATING._RANK S.AT.i.N.6  ..RANK  ....  RAJ  *nP  —FAN*  _.  . .RATING  ANK 


bjl± 

6.31 

5,34 

4.93 

8,00 

3,70 


_?  *.4  5. . 

6.78  ‘ 
3 ,_o  B _ 
5.A0/ 
_9.4“— 

8,ti8 


r j 

83 

O 

l 

B.X* 

C . 

5 

66 

4 

7.70 

6 . 

36 

5 

6.6?5 

7 

6.4 

1 

R..44 

1 

33 

2 

B.»4 

3 

hi 

7 

f « 7 2 .... 

_ 4 

MAX 

A 

. 6jl7  3 

4 

7.51 .4  

“.27  6 

.8,72.. 

.5.  _ 

s B 

6,49 

3 

7. tie  s 

6.04  3 

0,74 

4 

C 

5.83 

6 

6,  tiO  6 

3.17.  4.. 

7,76 

6 . 

0 

5,46 

7 

6 « l 2 7 

4.39  5 

6.95 

7 

E 

9.00 

1 

JM8  l ....  . 

8.85  1 

..  ..0,51  .. 

. 1 .... 

F 

8.53 

2 

8,a0  2 

0,47  ?. 

0.89 

3 

G 

6j50 

S 

_7^6_  . 3 _ 

1.11  .7 

9,06 

.2 

HEIGHTS 

USED  IN 

THE3E  RUNS 

* 

l 

« 

- 

• 

MIN 

• 1 8i  6 1 

. . C8 0 0 | 

- ,3  1 00  f 

- .26711 

Ml 

.16111 

• 

MAX 

1 

, 1 4L2  f 

- , 2500 | 

.2527, 

21?T  f 

m 

. 1 31 4 » 

ALTERNATIVE  KEY 


A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  ShJFT  KEYING 

D.  M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 
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TABLE  VIII-XI 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  ECK  & RFT  FACTOR 


TER- 

ADDITIVE 

RMS 

MULTIPLICATIVE 

LOGARITHMIC 

TIVE... 

R AT  I _‘l  G _ .RANK. 

RATtMG 

_RA\«x_. 

__  RATING  ..  . 

RATING... 

rank 

SI 

4 

6.79  3 

3 

3,75  5 

9.01 

2 ‘ 

9 

6,(14  (1 

. ....  _ 

7.0* 

4 

5.87  3 

8.51 

5 

C 

. 5^62  5 

6 

4.6?  1 4 . 

.7.86 

6 

0 

4. 81  ‘7 

5.62 

7 

3,70  b 

6.71 

7 

E • 

1 

9.  1C 

l 

8.66  1 

9.52  . 

1 . 

F 

8.51  2 

8,59 

2 

8.43  2 

0.95 

3 

G 

5.35  6 

6.73 

5 

.54  7 , 

_ft»55_i_ 

4 

A 

6.32 

5 

7.15 

'S 

'4.04 

6 

6.60 

4 

9 

6.59 

3 

7. AO 

5 

6,15 

3 

0,24 

5 

r 

C 

5 .57 

6 

__6jCL_, 

6 

4,99 

4 

- 7,56 

& 

; 

6 

5,38 

7 

6,oi 

7 

4,36 

5 

6.79 

7 

J: 

e 

6.93 

1 

..  9xn7... 

1 

0.75 

1 

9,40 

1 

f- 

F 

6,38 

2 

0,04 

2 

6.31 

2 

6.75 

3 

b 

G 

6.56 

4 

7.71 

3 

1.15 

7 

9.08 

2 

i 

j; 

P 

/EIGHTS  USED  IN.  THESE  RUNS 



4 

- 

...... 

i 

• 

- 

s: 

- - 

M T N 

1 

. 19651  1 

- .15071 

- ,1900* 

- .2887* 

i| 

« 

.17421 

1 

Br  ■ 

MAX 

t - 

. 1455  f 

- .1116* 

4 0 00  * 

- .2138* 

ALTERNATIVE  KEY 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D . M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 
C.  HIRP 


296 


TABLE  VIII-XIi 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  SPECTRUM  UTILIZATION  FACTOR 


ALTER- 

.NATIV.fi 


ADDITIVE 

.RA.UAIG..  ,_RAN.K 


R,yS 

A T.1N 5 ...RANK. 


MULTIPLICATIVE 
RATING  ...RANK... 


logarithmic 
.RATING.  RAN!?. 


MIN 

A_ 

’ B 

C_ 

0 


_6.0? 5. 

6.66  5. 

5 .9  0 

5.61  7 


..7  .a  5. 

>.0  5.. 

6 . j 8 


3.02  ... 
8.39 
„S.28._ 
9,70 


F 

G 

W.1XJ 

6.23  , 
6,75 



2 

0 

*.?9 

..  ...7  ..71 

2 

..  .X 

9 

MAX 

A 

7*06 

5_. 

1.68.  _ 

3 . „ 

0 

0 

6,12 

0 

a.aJ 

5 

5 

C 

5,06 

6 

5.70„. 

6 

0 

D 

0,5  3 

7 

5 . /i  0 

7 

3 

E 

9,08 

*1 

9,s2 

1 

8 

F ■ 

8.67 

2 

8.70 

2 

8 

G • 

5.08 

5 

0^  __ 



I ^ 7 *• 

i.J0 7_ 


56 

0 

.9.0 

6 

,9J 

7 

37 

.1 

60 

3 

.02  . 

2 

16 

3 

17 

S 

5 0 

6 

53 

7 

xs 

-1 

,09 

2 

6 i_ 

9 

WEIGHTS  used  in  these  runs 


MIN  I 

- ,1729| 


- .1950» 


- , 1 096  f 


» , 5325 1 


! J_  ,T_  8Xl - ,1.1  26.1 - . 250.0  j. 


_MAX I 

- .13027 


• ,1500» 


,3600j 


alternative  key 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-ARY  FSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 


A,  ’-‘J  ,^'r, , ,3 


297 


TABLE  VIII-XIII 


OVERALL  SCORES  AMD  RANKS  USING  WEIGHTS  CHANGING  DEVELOPMENT  RISK  FACTOR 


alter- 

additive 

MULTIPLICATIVE 

LOGARITHMIC 

native... 

RATING 

RATING... 

BANK 

RAT 

RANK  _ 

rating 

RANK 

MIN 

« 

A 

6,19 

3 

0 

3.51  .. 

6 

_ _ 8 ,6 i. 

4 

B 

6.13 

a 

6.^9 

5 

5.68 

3 

6.02 

s 

C 

5,00 

6 

5.5.3  .. 

6 

U.Ufe 

a 

6.90 

6< 

0 

«.77 

7 

5. *3 

7 

3.72 

5 

6. SI 

7 

E 

9,35 

1 

9to2 

1 

9.2a 

1 

. 9.61. 

i 

F 

e.09 

2 

6.57 

2 

8. Mi 

1 

6.92 

3 

G 

* 5.83 

5. 

7.?5 

3 

_ .<>2  - 

7.. 

R.9M 

_ . 2. 

' 

MAX 

• 

A 

6,75 

3 

7.63 

3 

. M . 1.0 

„_6 

...  8.92. 

..  2...... 

8 

6,71 

a 

7 , >0 

5 

6.18 

3 

8.SM 

5 

C 

5,75  - 

6 

*.iQ. .. 

6 

.5,03.... 

a 

. 8.01 

. 6. 

0 

5.25 

7 

5.96 

7 

6.17 

5 

6,86 

7 

E 

6,70 

1 

. .8jl?0 

1 

• 6. M3 

1 

9,38 

_t_ 

F 

6. M2 

2 • 

6.09 

2 . ~ 

8.35 

2 

e.82 

3 

G 

6.00 

5 

7 » ?1 

« 

1 89. 

7 

6 

HEIGHTS  USED  In  THESE  RUNS 


HIN  | 

- .0600| 


- .1902* 


- .14 5R» 


WAX  I 

• . 200  or 


- .16191 


- ,iaua» 


- .32061 


- .2761j 


- « 279S | 
* . 2 379  f 


alternative  kev 

A.  ON-OFF  KEYING 

B.  BINARY  FM 

C.  BINARY  FREQUENCY  SHIFT  KEYING 

D.  M-ARY  VSK 

E.  PHASE  SHIFT  KEYING 

F.  DIFFERENTIAL  PSK 

G.  CHIRP 


298 


■ r i / ; i ; *,  Jm'/i 


.V^vTwf 


9.0  CONCLUSIONS 

The  analysis  indicates  that  PSK  is  • he  i method  of  digital  data 
modulation  of  all  methods  considered.  In  v :der  for  PSK  to  outperform 
other  methods,  a coherent  or  matched  filter  receiver  must  be  used.  Under 
certain  conditions  a coherent  system  may  be  approximated,  given  sufficient 
time  for  phase  and  frequency  synchronization  at  the  receiver.  Likewise, 
a matched  filter  processor  may  be  accomplished  for  brush  type  digital 
signals  using  a SWD.  Unfortunately,  SWD's  are  only  applicable  to  wideband 
type  signals.  Since  the  analysis  was  made,  independent  of  the  type  of 
transmission  techniques  (wideband  or  narrowband),  and  since  a narrowband 
technique  was  recommended  as  a result  of  engineering  analysis  1,  the  results 
of  the  engineering  analysis  must  be  evaluated  in  light  of  the  narrowband 
transmission  technique.  Consequently,  PSK  tends  to  lose  its  ranking  with 
a narrowband  system  such  as  REMBASS  will  use.  Similar  conclusions  are 
applicable  to  other  methods  which  require  a coherent  processor  or  matched 
filter  receiver.  These  are:  a)  differential  PSK;  and  b)  Chirp.  On-off 

Keying  (OOK)  i.a  ranked  rather  high,  if  one  Is  able  to  insure  a specified 
minimum  (S/N)ain  aC  ike  receiver,  determined  by  the  required  message  bit 
error  rate.  If  this  (S/N)min  cannot  be  insured,  the  performance  of  the 
system  degrades  drastically.  Since  the  REMBASS  DTS  cannot  be  insured  of 
a given  receiver  (S/N),  using  OOK  modulation  Is  not  considered  to  be  ad- 
visable. Adaptive  threshold  techniques  may  be  Incorporated  in  the  receiver 
in  some  cases  but  this  would  Impact  on  message  structure  and  message  duration. 
It  Is  believed  that  sufficient  weight  was  not  given  to  error  performance 
in  the  analysis  and  too  much  weight  was  given  to  spectrum  utilization. 

Changing  these  weights  would  easily  reverse  the  ranking  of  OOK  vice  BFM  or 
BFSK. 


10 . 00  RECOMMENDATIONS 

Binary  FM  and  Binary  FSK  differ  in  the  receiver  more  than  in  the 
transmitter.  In  fact,  a BFM  receiver  can  receive  a BFSK  modulated  signal. 

A BFM  receiver  is  used  if  both  analog  and  digital  data  are  transmitted.  If 
only  digital  data  is  transmitted  a BFSK  dual  filter  receiver  will  degrade 
more  gracefully  with  decreasing  (S/N)  than  BFM,  therefore,  since  it  appears 
that  REMBASS  will  not  transmit  analog  data,  a BFSK  modulation  or  digital 
data  is  recommended . 
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SECTION  IX 


ENGINEERING  ANALYSIS  8 
MESSAGE  TYPES 


1.0  SUMMARY 

This  analysis  addresses  Che  problem  of  transmitting  analog  data 
through  the  REMBASS  Data  Transmission  Subsystem  (DTS).  The  alternatives  were 
evaluated  against  a specific  set  of  criteria;  signal  quality,  power 
requirements,  spectrum  utilization,  equipment  complexity  and  equipment 
costs.  The  analysis  concludes  that  analog  data  should  not  be  digitized 
prior  to  transmission. 

2.0  INTRODUCTION 

This  engineering  analysis  will  evaluate  methods  of  transmitting 
analog  sensor  data  over  the  DTS,  A comparison  will  be  made  between 
digital  techniques  and  straightforward  analog  transmission  by  linear 
frequency  modulation  (I'M).  Both  Delta  Modulation  (DM)  and  Pulse  Code 
Modulation  (PCM)  will  be  considered  as  digital  techniques.  These  alter- 
natives are  defined  in  paragraph  4.0  and  various  criteria,  by  which  the 
techniques  may  be  compared,  are  defined  in  paragraph  5.0.  In  paragraph  6.0 
the  technical  evaluation  will  be  made. 

3.0  STATEMENT  OF  THE  PROBLEM 

The  REMBASS  Material  Need  (MN)  currently  specifies  that  some  acousti- 
cal sensors  will  be  a part  of  the  inventory  and  that  this  acoustic  (analog) 
data  will  be  provided  to  the  SRU  in  addition  to  other  digital  data.  Con- 
sidering that  much  of  the  sensor  data  may  be  transmitted  over  repeater 
links  consisting  of  several  repeaters  in  tandem,  the  problem  of  getting 
good  quality  analog  data  to  the  SRU  becomes  quite  a challenge  for  the  DTS. 
This  engineering  analysis  will  consider  alternate  means  of  accomplishing 
this. 

4.0  ALTERNATIVES 

Digital  messages  will  be  used  to  transmit  the  digital  sensor  data  to 
the  SRU  either  directly  or  via  one  or  more  repeaters.  The  analog  data  may 
be  transmitted  either  by  analog  messages  (linear  FM)  or  it  may  be 
digitized  and  transmitted  as  digital  messages,  in  a manner  con- 
sistent with  the  digital  data.  Therefore,  the  alternatives  are: 


300 


a)  Digital  only  messages  in  which  the  analog  data  Is  quantized  and 
transmitted  in  digital  form;  and  b)  Digital  and  analog  messages  in  which 
the  digital  data  is  transmitted  by  one  method  and  the  analog  data  is 
transmitted  by  another. 

Since  by  both  alternatives , the  digital  data  messages  are  assumed 
to  be  transmitted  and  relayed  by  identical  means,  the  alternatives  be- 
come merely  a comparison  between  the  digitized  analog  message  transmission 
in  a digital  system  versus  the  analog  message  transmission  of  a dual 
dlglt&l/analog  system. 

4.1  Digitized  Analog  Data  Transmission.  Two  digital  techniques 
will  be  considered  for  transmitting  digitized  analog  data;  a)  DM; 
and;  PCM.  Modifications  of  these  techniques  may  be  considered  in 

a more  detailed  design  analysis  if  a digitized  system  is  selected  (e.g., 
Delta-Sigma  Modulation  in  lieu  of  DM  and  Deita-PCM  for  PCM) ,but 

these  refinements  are  not  considered  necessary  for  the  present  evaluation. 
The  term  "Modulation"  used  with  each  of  these  techniques  does  not  apply 
to  the  method  of  modulation  applied  to  the  carrier  for  transmitting  the 
digital  data,  which  is  applied  to  the  modulator.  Either  technique  may 
use  PSK,  FSK,  etc.,  as  a modulation  method.  Instead  of  performing  a com- 
parative evaluation  of  these  two  digital  techniques  and  using  the  selected 
one  to  compare  with  the  analog  alternative,  they  will  be.  considered  as  in- 
dependent alternatives  for  the  evaluation.  The  reason  for  this  decision 
Ls  that  the  criteria  for  comparison  would  bo  the  same  in  each  case,  there- 
fore, there  is  no  need  to  evaluate  the  digital  alternatives  separately 
before  comparing  with  the  analog  alternative. 

4.1.1  Pulse  Code  Modulation  (PCM) . A block  diagram  of  a PCM  trans- 
mitter is  shown  in  Figure  9-1.  The  analog  input  data  is  represented  by 
m(T)  which  is  baud  li-aited  to  fm  (Hertz).  The  analog  signal  is  quantized 
by  a sampler  at  a rate  fs  which  must  be  a minimum  of  2 fm,  but  is  always 
greater  to  avoid  aliasing  problems.  The  quantized  data  is  converted  to 
digital  code  groups  of  ri  bits/ sample  which  then  are  used  to  modulate  the 
carrier  by  PSK,  FSK  or  some  selected  method.  The  digital  bit  rate  will 
be  a minimum  of  2nfm  bits/sec.  The  PCM  receiver  is  shown  in  Figure  9-2. 

The  modulated  signal  is  received  and  converted  to  IF.  A matched  filter  may 
be  used  to  recover  the  digital  data.  The  code  groups  are  synchronized 

and  converted  back  to  an  analog,  signal  representing  the  original  dnt-u 
The  PCM  repeater  is  basically  a combined  receiver  and  transmitter  with 
the  additional  requirement  for  synchronization  and  storage  for  digital  data 
if  a Store  and  Forward  (S&F)  repeater  is  used.  This  storage  requirement 
can  become  prohibitively  large  if  long  duration  analog  signals  are  trans- 
mitted. T.f  real  time  repeaters  are  used,  the  storage  is  not  required.  A 
PCM  repeater  is  shown  in  Figure  9-3. 


4.2  Direct  Analog  Data  Transmission.  The  method  selected  for 
direct  analog  data  transmission  is  linear  FM  of  the  carrier  by  the  base- 
band analog  data.  The  FM  index  (B  ) is  a parameter  which  may  be 
used  in  a trade-off  between  transmission  bandwidth  and  transmitter 
(carrier)  power.  Figure  9-7  is  a block  diagram  representation  of  the 
modulation  and  transmission  function  of  a sensor,  etc.,  which  transmits 
analog  data  directly  by  linear  modulation  (modulation  directly  propor- 
tional to  amplitude  of  analog  signal)  of  the  carrier.  The  simplicity 
of  this  technique  is  obvious.  A similar  block  diagram  is  shown  in 
Figure  9-8  for  the  receiver.  The  output  of  the  receiver  IF  limiter  is 
applied  to  a fm  discriminator  where  the  analog  modulating  signal  is 
recovered.  It  is  passed  through  a low  pass  filter  to  1 imit  the  noise  to 
the  baseband  bandwidth.  The  output  signal  is  a noisy  reproduction  of 
the  input  and  the  quality  is  dependent  primarily  on  the  carrier-to-noise 
ratio  (C/N)  at  the  input  to  the  receiver.  A repeai«_i  block  diagram  for 
the  analog  modulated  carrier  is  shown  in  Figure  9-9.  It  is  assumed 
that  the  baseband  signal  is  not  recovered  in  the  repeater,  therefore,  an 
IF  repeater  is  used.  The  repeater  must  operate  in  real  time.  Consequently 
the  up-converter  generates  a modulated  frequency  f^i  which  is  Sufficiently 
separated  from  f^  that  no  degrading  interference  results.  It  is  to  be 
noted  that  the  up-converter  changes  the  frequency  but  not  the  modulation 
index,  Bj..—  Due  to  the  added  noise  from  the  receiver  and  converter, 
the  output  tC/N)  will  be  degraded,  tn  addition,  instabilities  in  the 
local  TXCO's  may  cause  e reduction  in  permissible  dynamic  range  of  the 
original  analog  signal.  These  characteristics  of  repeaters  tend' to 
limit  the  quality  of  analog  data  which  may  be  relayed  over  largo  distances 
/here  mote  than  one  repeater  must  be  used. 


1/  "Signal  Processing,  Modulation  and  Noise",  American  Elsevier  Publishing 
Co.,  Inc.,  N.Y.,  1971,  J.  A.  Betts. 
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DIGITIZED  ANALOG  TRANSMISSION  (PCM) 


SSESS, 


4.1.2  Delta  Modulation  (DM) . A block  diagram  of  a transmitter  for 
digital  transmission  of  analog  data  by  Dll  la  shown  in  Figure  9-4. 

The  band-lisitsd  analog  signal,  ®(t) , is  compared  with  a feedback 
replica,  a* (t),  which  is  the  integrated  output  of  the  DM.  The  error 
signal,  A (t)  is  applied  to  the  DM  and  th«. output  from  the  DM 
(+  1 or  -1)  is  determined  by  the  sign  of  A (t)  at  the  sampling  instant.  A 
single  binary  digit  (bit)  is  transmitted  at  a rate  consistent  with  the 
quantization  noise  requirement  at  the  receiver  output,  and  may  be  several 
kilobits  per  second.  A block  diagram  of  a DM  receiver  Is  shown  in  Figure 
9-5.  A matched  filter  processor  may  be  assumed  and  its  output  will  be  a 
non-return- to- zero  (NRZ)  binary  waveform  representing  the  binary  sequence 
from  the  DM.  This  is  integrated  and  filtered  to  provide  the  analog  output 
representative  of  the  original  analog  input  signal.  The  relative  quality 
of  this  output  signal  will  depend  on  the  signal  power  at  the  receiver  input, 
the  input  and  receiver  noise,  and  the  sampling  frequency  of  the  delta 
modulator.  A typical  DM  repeater  block  diagram  is  given  in  Figure  9-6. 

Since  this  is  to  be  a digital  repeater,  the  acquired  analog  signal  is  not 
reconstructed  in  the  repeater;  only  the  binary  (NRZ)  waveform  is  regenerated. 
This  digital  data  is  stored  during  the  receiving  interval  and  retransmitted 
at  the  end  of  the  incoming  message.  The  amount  of  storage  required  depends 
upon  the  amount  of  analog  data  needed  during  a single  transmission  interval. 
The  storage  required  will  be  comparable  for  DM  and  PCM  in  any  case,  and  it 
may  be  the  factor  which  determines  the  efficacy  of  the  digital  alternative 
versus  direct  analog  transmission. 


DIGITAL  DELTA  MODULATION  DECEIVER 


LINEAR  ANALOG  MODULATION  (IM) 


5.0  CRITERIA 


The  criteria  which  will  be  used  in  evaluating  the  relacive  merits 
of  transmitting  analog  sensor  data  by  linear  FM  cr  by  A/D  conversion  and 
digital  transmission  are  defined  below.  A data  link  which  may  include  one 
or  more  repeaters  between  the  data  source  (sensors)  and  the  readout  station 
(SRU)  adds  a dimension  to  this  subject  which  may  have  overriding  implications. 
The  degree  to  which  repeaters  may  impact  the  decision  against  digitized  ana- 
log data  will  depend  upon  the  amount  of  analog  data  (meosage  duration;  which 
is  required  at  the  SRU . If  the  data  is  to  be  used  to  perform  a spectral 
analysis  only,  then  mly  small  amounts  would  be  needed  during  one  trans- 
mission request.  However,  if  the  analog  data  is  to  be  evaluated  by  human 
operators  listening  to  identify  sounds  (targets)  a much  greater  quantity 
of  data  would  be  required,  and  this  fact  would  seriously  impact  the  de- 
cision oetween  alternatives,  regardless  of  the  results  of  other  criteria 
evaluation.  Consequently,  the  final  decision  must  be  reserved  until  the 
SRU  operating  procedures  is  established. 

5.1  Relative  Signal  Quality  (s/Nt  out-.  Given  a signal  of  a specified 
quality  at  the  source,  this  criterion  will  compare  the  alternatives  in 
terms  of  the  degrad  rtion  in  signal  quality  as  it  is  communicated  (trans- 
mitted) by  the  methods  previously  defined.  A measure  of  this  quality  will 
be  the  ratio  of  signal  output  power  to  noise  power,  from  whatever  source  the 
noise  may  originate. 

5.2  Relative  Power  Requirements.  This  is  the  radiated  (transmitted) 
power  required  by  the  alternative  methods  to  provide  a specified  signal- 
to-noise  (S/N)  ratio  at  the  receiver  output  (i.e.,  analog  signals  out  of 
receivers).  Range  is  assumed  fixed,  although  system  bandwidth  may  be 
different  due  to  different  bandwidth  requirements  of  the  alternatives. 

5.3  Spectrum  Utilization.  This  criterion  is  related  to  the  trans- 
mission bandwidth  required  by  the  alternatives.  The  larger  the  bandwidth 
required  for  a given  baseband  data  bandwidth,  the  less  efficient  is  the 
alternative  for  spectrum  utilizatfon. 

5.4  Equipment  Complexity.  This  criterion  provides  a means  of  comparing 
the  alternatives  in  terms  of  the  degree  of  complexity  of  the  transmitter 

and  receiver  circuitry  necessary  to  get  the  analog  data  from  source  to 
user.  In  addition,  impact  of  a S&F  digital  mode  of  operation  in  the 
repeater(s)  will  be  investigated.  In  particular,  the  amount  of 
digital  data  storage  will  be  determined  for  specified  durations  of  analog 
signals . 


5.5  Relative  Costs.  The  relative  costs  of  equipments  for  the  alter- 
natives should  be  related  to  the  increased  equipment  complexity  of  the 
alternatives.  This  criterion  will  provide  an  additional  measure  of  com- 
parison in  a semi-quantitative  way. 
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6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 


6.1  General.  Each  of  the  alternatives  defined  In  paragraph  4.0  will 

be  analyzed  separately  in  terms  of  the  criteria  of  paragraph  5.0.  In  general, 
the  performance  will  be  considered  in  terms  of  the  ideal  or  theoretical 
maximum  for  a given  parameter,  recognizing  that  in  practice  this  Ideal  is 
not  likely  to  be  achieved.  For  example,  a communication  channel  which  has 
an  assigned  bandwidth  (W)  theoretically  has  a channel  capacity  ot  2W  inde- 
pendent pulses  per  second  although,  in  practice  this  capacity  is  never  even 
approximated.  2j  This  assumption  should  not  severely  influence  or  jeopardize 
the  comparative  evaluation  of  alternatives,  Rince  all  will  be  similarly 
treated. 

6.2  Parameter  Valueg.  In  order  to  make  a quantitative  comparison  end 
evaluation  of  the  various  alternatives,  certain  parameter  value*  must  be 
specified.  For  the  digital  alternatives  it  is  assumed  that  the  (S/N) 

at  the  UCR  will  be  limited  by  qualtization  noise,  (i.e.,  the  (S/N) 
at  each  detection  point  is  such  that  detection  errors  dc  not  contribute  to 
the  final  (S/N).  For  the  analog  alternative  it  is  assumed  that  the  noise 
degradation  through  a link  of  four  repeaters  is  a maximum  cf  6 dB.  There- 
fore, the  input  (S/N)  for  the  analog  system  must  be  greater  than 
that  for  the  digital  alternatives.  The  following  parameter  values  and  opera- 
tional requirements  will  be  assumed: 

a)  <S/N)out  <*  26  dB  (terminal  receiver  output) 

b)  fm  “2  kHz  (baseband  bcndwidth) 

O Tm  “ 10  sec  (analog  message  duration) 

d)  No  encryption  ot  data 

e)  No  time  multiplexing  of  signals 

f)  System  Is  power  limited 

g)  Data  relayed  thru  up  to  4 repeaters 

h)  ECM  protection  not  required  for  analog  data 

The  assumed  output  (S/N)  of  26  dB  is  based  on  the  fact  that  a good  quality 

signal  is  required  in  order  to  distinguish  between  sounds  which  mcy  be  very 

similar.  This  quality  signal  is  not  necessarily  required  for  speech  since 
the  listener  is  ahle  to  interpolate  unintelligible  parts.  The  2 kHz 
bandwidth  is  also  based  on  the  assumption  that  the  analog  data  will  be 
something  other  than,  or  in  addition  to,  speech  signals. 


2 / "The  Philosophy  of  PCM,  "Proc.  IRE  1948,  B.  Oliver,  J.  Pierce,  S.  Shannon. 
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6 . 3 Ali.enxatlves . 

6.3.1  D^tajjJQM. 

6. 3. 1.1  Relative  Signal  Quality.  (S/N).  The  resultant  output  (S/N) 

is  affected  by  detection  error  noise  and  quantization  noise  for  a DM  system. 
That  is: 

(1)  (S/N)r  - S 

N+  N 

Q E 


where 


Nq  - quantization  noise 


Ng  ■ detection  error  noise 


If  the  (C/N)  in  the  receiver  is  high  enough  such  that  the  detection 
error  probability  is  about  10“  4 or  less,  only  quantization  noise  effects 
the  output  signal  quality.  Therefore,  it  is  necessary  to  choose  a 
onmple  rate  at  the  A/D  converter,  such  that  the  required  (S/N)q 
trf.ll  be  met  for  the  bandwidth  of  the  source  data.  The  quality  of  the 
signal  can  be  maintained  through  several  repeaters  without  serious  degrada- 
tion due  to  the  regeneration  action  of  the  digital  system. 

6. 3. 1.2  Relative  power  Requirements.  The  (C/N)  required  in  the  receiver 
for  "threshold"  operation  is  a measure  of  the  relative  power  requirements. 

This  (C/N)  was  defined  in  the  previous  section  as  chat  value  which  gives 

an  error  probability  of  10“^  or  less.  With  DPSK  modulation/detection,  this 
requires  a (C/N)if  °f  about  9.3  dB  as  determined  from  the  relation: 

(2)  Pe/DPSK  “ 1/2  c “(C/N'i 

6. 3.1. 3 Spectrum  Utilization.  The  bandwidth  per  unit  bit  rate  for 
DM  with  BDPSK  modulation  was  given  as  2 in  engineering  analysis  7. 

The  required  transmission  bandwidths,  neglecting  frequency  tolerances, 
etc.  are  given  by: 


f8  ■ sampling  rate  of  the  Delta  modulator 

Since  it  is  assumed  that  the  (C/N)  at  the  receiver  is  above  threshold,  f8 
may  be  determined  from  the  required  (S/N)q  given  in  6.2.  The  relation 
between  (S/N)q  and  fs  is  given  as: 


(S/N) 


£ -l  /V)  3 

64  {£mJ 


f8  “ sampling  rate 

fm  « highest  frequency  with  peak  amplitude  of  input  signal 


With  speech  it  has  been  found  experimentally  3/  that  a DM  system  will  not 
overload  provided  an  800  Hz  sine  wave  can  be  transmitted  whose  amplitude 
is  equal  to  the  peak  instantaneous  amplitude  of  the  signal  to  be  transmitted. 
This  is  not  nececsarily  true  with  other  types  of  analog  signals,  and  there- 
fore fm  must  be  assumed  to  be  the  highest  baseband  frequency  of  the  signal 
to  be  transmitted.  Assuming  f.m  is  2000  Hz,  fa  is  found  to  be: 


fs  “ fm 


/6A  (S/N)q 
3 


fm  - 2000  Hz 

(S/N)q  - 26  dB  - 400  ratio 
fg  **  40  Kb/sec 

Therefore,  from  (3)  the  required  bandwidth  is: 

(6)  Bdm  „ 2fa  - 80  kHz 

6. 3.1.4  Equipment  Complexity.  As  compared  to  PCM,  DM  is  a much 
simpler  system  to  implement,  whereas,  compared  to  linear  PM  it  is 
somewhat  more  complex,  especially  if  S&F  repeaters  are  used.  The 
complexity  of  S&F  repeaters  is  a direct  result  of  the  sampling  rate 
and  the  duration  of  analog  signals  which  must  be  transmitted.  The 
quantity  of  digital  data  storage  required  may  be  estimated  as 
follows: 

f3  * 40  Kb/sec 

Tm  ~ 10  sec 

Total  Bits/msg  » faTm 

» 400,000  bits 

Even  with  LSI  of  digital  data  storage  the  space  required  for  this  much 
memory  storage  is  not  insignificant. 


3/  "Signal  Processing,  Modulation  and  Noise,"  T.A.  Betts,  American 
Elsevier  Publishing  Co,;  Inc, 


6. 3. 1.5  Relative  Costa.  In  view  of  the  lesser  complexity  of 
equipment  as  compared  to  PCM,  the  DM  system  should  be  the  least  expensive 
of  the  digital  systems.  It  would  be  somewhat  more  expensive  than  linear 
FM  by  virtue  of  the  analog-to-digital  conversion  equipment  required  in 
the  sensor,  as  well  as  the  digital  storage  required  in  repeaters.  With  a 
required  storage  of  400,000  bits,  the  added  cost  would  be  considerable. 
Even  at  a cost  of  a 0.2<?  per  bit,  the  added  storage  cost  would  increase 
the  cost  of  a DM  repeater  by  $800.  4/ 

6.3.2  Digital;  Pulse  Code  Modulation  (PCM).. 


6. 3. 2.1  Relative  Signal  Quality,  (S/N).  As  with  DM  there  are  two 
types  of  noise  to  be  considered  in  PCM:  a)  detection  error  noise;  and 

b)  quantization  noise.  Detection  error  noise  will  be  more  significant 
in  PCM  than  in  DM  due  to  the  different  weights  assigned  to  the  bits  in  a 
PCM  code  word.  A bit  error  will  cause  different  amounts  of  noise  depending 
upon  vhat  position  in  the  code  word  the  error  occurs.  Only  at  the  least 
significant  bit  of  the  PCM  code  word  will  the  error  be  equally  effective 
in  PCM  and  DM.  For  reasonably  low  error  rates  (P  <L0"2)  the  relation 
between  (S/N)g  due  to  detection  errors  and  detection  error  probabilities 
is  given  by:  _5 / 

(7)  (S/N)  -JL_ 

4Pe 

P ■ probability  of  error  or  error  rate 


(S/N) 


E •»  signal- to-error  noise  power  ratio 


If  the  output  (S/N)  is  to  be  primarily  a function  of  the  quantization 
noise  then  the  error  rate  due  to  noise  must  be  of  the  order  of  10-5. 
This  requires  a (C/N)  of  about  10.2  dB.  The  (S/N)q  is  related  to  the 
nuiaber  of  bits  per  PCM  code  group,  n,  as: 

(8)  <S/N)q  - (3/2)2(2n) 

n * 4 


(S/N)q  ■ 384  ratio  - 25.8  dB 

A 4 bit  code  word  will  therefore  provide  very  close  to  the  desired 
signal  quality. 


4 / Computer  Memory  Technology  Forecast  - ^985,  The  MITRE  Corporation, 
MTR-6483,  31  Aug.  1973. 


.5/  "Analog-FM  vs.  Digital-FSK  Transmission,"  IEEE  Trans,  on  Comm.  Tech. 
Vol  14,  Ilo.  3,  1966,  James  W.  Whelan. 
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6.3. 2.2.  Relative  Power  Requirements.  The  required  receiver  (C/N) 
as  determined  in  6. 3. 2.1  above  is  about  10.2  dB.  This  is  almost  1 dR 
greater  than  that  required  for  DM. 

6. 3. 2. 3  Spectrum  Utilization.  The  minimum  bandwidth  required  to 
transmit  PCM  analog  data  is  related  to  the  highest  frequency  of  the  analog 
data  and  the  code  bits  per  sample  as  follows: 


Where 


therefore 


®PCM  ~ 2fju  n 


fm  - 2000  Hz 


n ■ 4 bits/code 


(10)  Bpc,M  ~ 2x2x103x4 

“ 16x103Hz 

and  PCM  is  seen  to  be  superior  to  DM  in  utilizing  the  RF  sectrum,  for  equal 
output  (S/N)q  . 

6. 3. 2. 4  Equipment  Complexity.  The  digital  PCM  requires  quantization 
of  the  analog  signal  and  digital  encoding  prior  to  modulation  and  trans- 
mission of  the  data.  This  plus  the  digital- to-analog  (D/A)  conversion  at 
the  receiver  makes  the  PCM  somewhat  more  complex  than  the  digital  DM 
technique  and  considerably  more  complex  than  linear  FM.  In  the  S&F 
repeater,  as  with  DM,  considerable  digital  storage  will  be  required 
although  not  so  much  as  with  DM,  since  the  data  rate  is  16  Kb/s  the  storage 
required  is: 


Digital  Storage  ■ 16  Kb/s  x 10  sec 
- 160,000  bits 


6. 3. 2. 5  Relative  Costs.  The  sensors  and  receivers  will  be  somewhat 
more  expensive  than  comparable  DM  units  but  this  may  be  offset  by  the 
lesser  cost  of  digital  storage  in  the  repeater.  It  will  depend  on  the 
relative  number  of  equipments  used.  At  0.2q/bit  the  added  cost  of  digital 
atorage  in  the  epeater  is  approximately  $320  as  compared  to  $800  for  DM. 


6.3.3  Direct  Analog  (Linear  FM)  Transmission. 

6.3. 3.1  Relative  Signal  Quality.  The  primary  disadvantage  of  lineur 
PM  for  analog  data  transmission  is  the  signal  quality  degradation  that  occurs 
through  repeaters.  As  the  number  of  repeaters  in  a link  increases,  the 
quality  of  the  analog  signals  is  degraded  due  to  the  added  noise  from  each 
repeater  receiver.  To  counteract  this  difficulty,  either  the  signal  power 
is  increased  at  the  source  (sensor  transmitter),  the  range  is  reduced,  or 
transmission  bandwidth  is  expanded  by  increasing  the  modulation  index, 0 . 
Since  range  requirements  are  fixed,  we  have  a tradeoff  between  transmission 
bandwidth  and  power  to  achieve  the  quality  at  the  final  receiving  point  after 
being  passed  through  the  maximum  number  of  repeaters  in  a relay  link. 


6. 3. 3. 2 Relative  Power  Requirements.  Allowing  for  a 6 dB  loss  through 
the  maximum  number  of  repeaters  expected  in  a relay  link,  a (S/N)0  at  the 
first  receiver  of  about  32  dB  will  be  required  to  insure  a 26  dB  (S/N)  at 
the  final  receiver  output.  Since  we  have  a possible  tradeoff  between  power 
and  RF  bandwidth,  and  since  power  sources  are  limited,  we  will  choose  a fi 
to  give  the  (S/N)0  of  32  dB  with  a (C/N)  just  above  threshold,  since  this 
will  be  the  minimum  power  FM  system.  6 J The  relation  between  (C/N)jp  and 
the  ratio  of  IP  bandwidth  to  baseband  bandwidth  is  given  by  Downing  6/  as 
(paragraph  6. 3. 3. 2)  as  follows: 


(12) 

(C/:0IF  -5  + 5 log10  (@  threshold) 

/ 

where 

Bjp  - IF  bandwidth 

Bjjj  - signal  (baseband)  bandwidth 

If  we  assume  Carson's  Rule  for  determining  the  IF  bandwidth,  we  have: 


(13)  Bjf  ~ 2 Bm  (/8+1)  (neglecting  carrier  instability) 
Therefore  (12)  becomes 

(14)  (C/N)if»  [5  + 5 log1Q  2 (0+1)]  (dB) 

- 7200+1)  (numeric  ratio) 

Knowing  fi  the  required  (C/N)IF  at  threshold  can  be  determined  from  (14). 
However, is  determined  by  the  required  (S/N)o  at  the  receiver  output. 

The  relation  between  (S/N)o  and  (C/N)  above  threshold  is  given  by  the 
FM  improvement  factor: 

(15)  (3/N)e  - 3^2  ZbIfN  (C/n)  (numeric  ratio) 

vv/  V /if 

- 3 fi2  0+1)  (C/N)  (using  Carson's  rule) 

- 30 2 0+1)  7200+1)  (from  14) 

6 / "Modulation  Systems  and  Noise"  by  J.J.  Downing,  Prentice-HalJ.,  Inc. 
Englewood  Clifts,  N.  J. 
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Since  (S/N)0  is  given  as  32  dB,  the  required  ft  may  be  determined  from  .15. 
Since  this  is  a non-linear  relation  between  A and  (S/N)0,  values  for  A 
may  be  assumed  and  the  (S/N)a  computed  from  15.  For  (9  m 3,  (S/N)0  is 
29.8  dB.  For  A ■ 4,  (S/N)«  is  33.8  dB.  Therefore,  a A of  4 will  be  assumed 


{ ■ and  from  < 14: 

k, 

f 

l • • (16)  (C/N)  s*  5 + 5 iog10(3  0) 

I 10  dB  OP-4) 

5 6. 3. 3. 3 Spectrum  Utilization.  Again  assuming  that  Carson's  Rule 

[,  applies,  and  neglecting  carrier  instability  which  would  be  applicable 

j*  to  modulation,  we  have: 


(17) 


BIP  " 2fm  <*+1> 


« 2x2000(4+1) 


- 20  kHz 


6. 3. 3. 4 Equipment  Complexity.  From  the  standpoint  of  hardware  re- 
quirements, linear  FM  provides  the  simplest  and  least  complex  system. 
However,  it  is  able  to  do  this  at  the  expense  of  requiring  a real  time 
repeater  and  separate  input/output  channels.  The  duplexer  required  in 
the  repeaters  would  probably  require  more  space  than  the  digital  storage 
required  in  DM  and  PCM.  The  electronic  circuitry  required  in  sensors 
and  receivers  would  be  considerably  less  complex  than  for  DM  and  PCM 
and  since  the  majority  of  equipment  elements  are  sensors,  the  overall 
impact  on  hardware  would  favor  linear  FM  as  a transmission  method  for 
analog  data. 


6. 3. 3. 5 Relative  Costs.  As  compared  to  DM  the  added  cost  of 
linear  FM  for  sensors  and  receivers  would  be  at  least  302  less.  For 
repeaters  the  differential  would  not  be  so  great  due  to  the  cost  of  the 
duplexer  required  for  the  analog  system  to  operate  in  real  time  or  separate 
input/output  frequencies.  The  net  difference  in  costs  would  depend  upon 
the  relative  quantities  of  repeaters,  and  sensors  used  but  it  is  expected 
that  a 20%  difference  in  favor  of  linear  FM  would  result.  As  compared  to 
PCM,  the  differential  in  cost  for  sensors  and  receivers  would  range  from 
75  to  100%  in  favor  of  linear  FM.  Due  to  lesser  digital  storage  required 
for  PCM  vice  DM  the  difference  in  cost  for  repeaters  would  be  less  for  PCM 
than  for  DM,  however  the  net  difference  would  be  at  60  to  80%  in  favor  of 
linear  FM. 


TABLE  IX  - I 

RELATIVE  VALUES  FOE  ALTERNATIVE  CRITERIA 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  III,  paragraph  7.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this 
section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  presented 
in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except  that  the 
basic  data  presented  in  this  section  are  applicable.  The  nominal,  maximum, 
and  minimum  values  of  the  weighting  factors  used  are  given  in  Table  IX-III. 

Table  IX-IV  lists  the  evaluation  scores  for  each  alternative  and 
evaluation  criterion,  together  with  the  weighting  factor  for  each  evaluation 
criterion.  The  evaluation  scores  in  this  table  are  accurate  to  two  aigni-  , 
ficant  figures.  The  last  line  is  the  evaluation  rating  or  weighted  score 
for  each  alternative. 

This  initial  analysis  results  in  the  following  preference  listing  of  the 
alternatives. 


ALTERNATIVE. 


EVALUATION  RATING 


1 LINEAR  FM  (C)  8.89 

2 DIGITAL;  PCM  (B)  7.78 

3 DIGITAL;  DM  6.84 

Since  the  least  accurate  figures  in  the  calculation  are  accurate  to  two 
significant  figures,  the  evaluation  rating  given  here  is  accurate  to  two 
significant  figures. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable. 

The  resultant  evaluation  scores  and  their  ranks,  based  on  nominal  values, 
derived  by  each  of  the  four  analytical  techniques  are  shown  in  Table  IX-V. 

7.3  Comparison  of  ResultB  - Nominal  Values.  From  Table  IX-V  the 
Linear  FM  (C),  Digital  PCM  (B),  and  Digital  DM  (A)  alternatives, 
clearly  ranked  first,  second,  and  third,  respectively,  since  their 

rank  order  remained  constant  throughout  while  emphasis  on  high  or  low  scores 
was  performed. 

The  results  are  attributable  directly  to  the  fact  that  Alternative  C 
achieved  high  evaluation  scores  in  all  criteria  categories  while  the  other 
alternatives  achieved  significantly  low  scores  in  some  of  the  criteria 
categories.  For  example,  while  all  three  alternatives  achieved  two  scores 
of  10,  C did  not  receive  any  score  below  7.5  while  B received  a 4 and  5 
and  A received  a 2,  6 and  6. 


TABLE  IX.-  Ill 
WEIGHTING  FACTORS 


CRITERION 
SIGNAL  QUALITY 
POWER  REQUIREMENTS 
SPECTRUM  UTILIZATION 
EQUIPMENT  COMPLEXITY 
EQUIPMENT  COSTS 


NOMINAL 


MINIMUM 


2200 

.1300 

.2800 

2000 

.1500 

.2400 

2100 

.1500 

.2700 

, 1900 

.1400 

.2400 

.1800 

.1300 

.2300 
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TABLE  IX  ~ IV 
EVALUATION  SCORES 


CRITERION 

SIGNAL  QUALITY  (.2200) 

POWER  REQUIREMENTS  (.2000) 
SPECTRUM  UTILIZATION  (.2100) 
EQUIPMENT  COMPLEXITY  (.1900) 
EQUIPMENT  COSTS  (.1800) 

EVALUATION  RATING 


ALTERNATIVES 


DIGITAL*  DELTA  DIGITAL* 

MODULATION  po? 

<-A7~  (B) 

10  10 

10  9-1 
2 10 

6 4 

6 5 


LINEAR 

FM 

(C) 

7.5 

9.3 

8 

10 

10 


6.84 


7.78  «*89 


t' 


jr 
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TABLE  IX  - V 

EVALUATION  RATINGS  AND  RANKS  USING  NOMINAL  WEIGHTS  AND  DIFFERENT 

WEIGHTING  TECHNIQUES 


l ■ l 


> , \ 

J » \ 


-trnr^' , ■ ‘ADotTtytp.  “ 

NATIVE  ' RATING’  RANK 

— r—rHrw 3 

8 ; 7.78.  2 • 


n o -*k  %•  » • ■ . ^ ^ - - 

BATtNO'  RANK  ‘ \RAT,tNG  RANK 


f • c»7 

8 J9 


7,28- 


RATING-  RANK 


O 3 

9.13 


ALTERNATIVE  KEY 

A-  DIGITAL;  DELTA  MODULATION 
B-  DIGITAL}  PCM 
C-  LINEAR  FM 


The  procedures  end  discussions  presented  in  Section  III,  Paragraph  8.0 
apply  equally  to  this  section  except  that  the  basic  data  presented  in  this 
section  are  applicable. 

8 . 1 Sensitivity  Study  Using  the  Additive  Weighting  Technique.  Fir s t 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 

The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the 
additive  technique  served  as  the  base  set  of  values.  Then  14  additional 
sets  of  evaluation  ratings  were  calculated  using  maximum  and  minimum  weight- 
ing factors  for  each  of  the  7 major  evaluation  criteria.  When  the  weight- 
ing factor  for  one  majoj  evaluation  criteria  was  changed  to  maximum  or 
minimum,  all  other  major  criterion  weighting  factors  were  adjusted  propor- 
tionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted 
in  Figure  9-10.  The  weighted  score  or  evaluation  rating  is  plotted  against 
the  major  criteria  weight  combination  used  in  the  calculation.  An  examina- 
tion of  Figure  9-10  reveals  that  the  three  alternatives  retain  their  rank 
throughout  the  sensitivity  study  and  their  rank  is  very  stable. 

General  Sensitivity  Study . Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the 
same  way  that  the  additive  sensitivity  study  was  conducted.  A total  of  44 
sensitivity  runs  were  made  for  the  analysis.  These  runs  showed  that  pre- 
ference rankings  for  the  alternatives  remained  extremely  stable.  Tables  IX-VI 
through  IX- X show  the  resultant  final  scores  and  rank  order  of  the  alternatives 
as  the  indicated  major  criteria  factor  weights  were  varied,  for  the  four 
analysis  techniques. 

The  alternatives  are  identified  as  follows: 

RELATIVE  TABLE  CODE  ALTERNATIVE 

A DIGITAL:  DELTA  MODULATION 

B DIGITAL:  PCM 

C LINEAR  FM 

The  relationship  among  the  evaluation  scores  for  each  alternative, 
the  nominal  weighting  factors  for  the  subcriteria  and  for  the  major 
criteria  is  as  shown  in  Table  IX-IV.  Table  IX-III  additionally  includes 
the  maximum  and  minimum  values  for  the  major  criteria. 

When  the  five  groupings  were  compared  for  all  techniques,  Alterna- 
tive C received  forty  first  place  rankings  to  four  first  place  rankings 
for  B.  In  addition,  C generally  maintained  a signif icantlv  greater  ER 
value  than  B whereas  in  those  cases  where  B outranked  C.  the  ER  margin 
was  insignificant.  Alterna  ive  A waB  consistantly  last  by  a large  ER 
margin,  although  the  Loganchmic  Technique  was  the  most  favorable  for  A 
and  tended  to  decrease  the  ER  margin  with  B. 
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9.0  CONCLUSION 


The  analysis  Indicates  that,  if  both  digital  and  analog  data  are 
to  be  transmitted  in  REMBAisS,  analog  data  should  not  be  digitized  before 
transmission,  but  should  be  used  directly  as  a modulating  signal. 

10 . 0 RECOMMENDATION 
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If  both  analog  and  digital  data  is  to  be  transmitted,  analog  data 
should  be  used  directly  to  modulate  the  carrier,  whereas,  the  digital 
data  would  use  dual  FM  for  the  two  binary  states  of  the  digital  data. 


SECTION  X 


ENGINEERING  ANALYSIS  9 
FREQUENCY  CHANGING  METHODS 


1.0  SUMMARY 

This  analysis  addresses  the  method  of  frequency  changing  that 
should  be  utilized  in  the  REMBASS  Data  Transmission  Subsystem  (DTS). 

The  alternatives  were  evaluated  by  a specific  set  of  criteria;  cost, 
performance,  versatility,  schedule,  technical  risk.,  physical  character- 
istics and  human  factors.  The  analysis  concluded  that  three  methods  of 
frequency  selection  should  be  employed  in  REMBASS: 

1)  Digital  Frequency  Synthesizer 

2)  Single  Frequency  Oscillator  Module 

3)  Crystal  Substitution 

These  methods  are  to  be  utilized  selectively  on  certain  DTS  equipments. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems.  Several 
different  alternative  subsystem  designs  may  be  found  which  provide  the 
system  operational  and  functional  requirements  of  REMBASS  within  certain 
constraints.  In  order  to  determine  which  subsystem  alternative  provides 
the  best  choice,  alternatives  are  evaluated  and  analyzed  against  common 
criteria  and  one  or  more  possible  alternatives  are  selected  as  candidates 
for  final  system  components. 

This  analysis  is  concerned  with  the  selection  of  a means  for  setting 
or  selecting  the  frequencies  to  be  used  in  the  REMBASS  DTS  equipment. 

3.0  STATEMENT  OF  THE  PROBLEM 

The  employment  of  large  numbers  of  sensors  and  repeaters  in  a division 
or  larger  unit  operation  requires  the  assignment  of  many  transmitter  and 
receiver  frequencies. 

Flexibility  in.  and  ease  of.  selection  of  channels  is  essential  to 
effective  utilization  of  Commendable  and  Non-Commandable  Sensors,  Sensor 
Control  Modules  (SCM),  Repeaters,  and  Universal  Control  Recei^er/Transmitters 
UCR/T.  Five  possible  alternatives  for  channel  selection  are  « onsidered 
herein. 
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4.0  ALTERNATIVES 

Methods  of  changing  RF  operating  cnannels  In  sensors,  repeaters, 
receivers,  etc.  will  be  evaluated  against  common  criteria.  These  alter- 
natives are  defined  and  described  below. 


4.1  Digital  Frequency  Synthesizer  (Alternative  1) . A device  which 
is  designed  to  permit  selection  of  any  one  of  a discrete  set  of  radio  fre- 
quencies, easily  and  arbitrarily,  by  a switch  action  or  similar  means. 

These  frequencies  may  be  used  as  a local  oscillator  in  a multi-channel 
receiver  or  as  a carrier  source  in  a transmitter.  When  used  in  a trans- 
mitter the  synthesizer  may  contain  the  necessary  modulation  circuitry 
in  addition  to  the  frequency  generation  and  selection  circuitry.  In 
the  application  envisioned  here,  the  output  frequency  is  assumed  to  be 
the  desired  carrier  frequency  without  a requirement  for  additional  frequency 
conversion  circuitry.  A block  diagram  of  a typical  synthesizer  is  shown 
in  Figure  10-1.  As  can  be  seen  from  the  block  diagram,  this  alternative 
essentially  includes  some  c£  the  other  alternatives  as  well  as  much  of 
the  ingredients  of  a low  power  modular  transmitter  such  as  would  be  used 
in  sensors,  repeaters,  or  command  transmitters.  This  fact  will  have  to  be 
considered  when  comparing  the  various  alternatives  against  the  criteria 
used  in  the  evaluation  and  ratings. 
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SIMPLE  SYNTHESIZER 


4.2  Single  Frequency  Oscillator  Module  (Alternative  2).  This  alter- 
native is  a method  of  achieving  higher  frequency  stability  in  a receiver , 
in  the  RF  output  of  a transmitter,  or  in  the  reference  frequency  for  a 
synthesizer  over  a wider  range  of  operating  temperatures  through  the  incor- 
poration of  a temperature  compensation  network  and  a crystal.  The  network 
is  tailored  during  manufacture  to  a desired  precision  of  match  of  the 
temperature/frequency  characteristic  of  the  crystal.  A separate  module 
is  required  for  each  receiver  or  transmitter  channel.  As  noted  earlier 
one  Temperature  Compensated  Crystal  Oscillator  (TCXO) /Temperature  Compensated 
Voltage  Controlled  Crystal  Oscillator  (TCVCXO)  is  • necessary  part  of  a 
high  stability  synthesizer.  When  such  a module  is  used  in  a receiver  fre- 
quency, it  is  referred  to  as  a TCXO.  When  the  module  Incorporates  additional 
circuitry  for  modulating  the  RF  output  of  the  transmitter  it  is  referred  to 
as  a TCVCXO. 


4.3  Crystal  Substitution  (Alternative  3).  This  alternative  is  a 
means  of  selecting  a DTS  RF  channel  merely  by  crystal  substitution  in  the 
reference  local  oscillator  of  the  transmitter  or  receiver  equipment.  After 
the  crystal  substitution  a "tweaking"  adjustment  may  be  required  on  the 
local  oscillator  to  bring  the  frequency  v.lthin  the  specified  tolerance  for 
the  selected  channel.  As  with  the  modular  oscillator  alternative,  a separate 
item  (crystal)  is  required  for  each  channel  used  by  a transmitter  or  receiver. 

4.4  Combination  of  Above  Alternatives  (Alternative  4).  Since  there 
are  advantages  and  disadvantages  to  the  above  alternatives  depending  upon 
the  application,  this  alternative  considers  the  merits  of  using  more  than 
one  of  the  above  to  provide  the  frequency  selection  capability. 

4.5  End  Item  With  Factory  Set  Frequency  Using  Option  4.3.  In  this 
alternative,  the  frequency  of  an  end  item  transmitter  or  receiver  is  set 
at  the  time  of  manufacture  and  is  not  subject  to  change  in  the  field. 

This  alternative  requires  prediction  of  operating  channels  but  eliminates 
the  stocking  of  additional  components,  as  well  as  frequency  adjustment 
required  by  alternative  3. 

5.0  CRITERIA 

Criteria  used  in  the  comparative  evaluation  of  the  alternatives  of 
this  engineering  analysis  are  defined  below.  In  paragraph  6.0  each  alter- 
native is  evaluated  against  these  criteria.  In  performing  the  final  evalua- 
tion each  criterion  is  weighted  in  proportion  to  its  Importance  as  deter- 
mined from  Material  Need  (MN)  requirements  or  uther  pertinent  facts.  In  cases 
where  the  relative  weight  of  a criterion  is  not  considered  exact,  a sensi- 
tivity analysis  will  be  performed  to  determine  the  effects  of  ei'rors  in 
the  weighting  factor. 


5.1  Cost.  This  criterion  Includes  all  costs  of:  a)  research  and 

engineering  development;  b)  initial  purchase  and  supply  of  each  designated 
army  element  with  the  required  items;  and  c)  the  continuing  resupply  of 
the  frequency  setting  components  of  the  alternatives,  and  the  supporting 
costs  for  the  expected  life  cycle  of  the  system. 

5.1.1  R£iD  Costs.  This  is  the  cost  required  to  develop  and  test  the 
alternative  to  the  point  where  production  can  begin. 

5.1.2  Acquisition  Costs.  This  is  the  cost  involved  in  procuring  the 
initial  quantity  of  transmitter  and  receiver  items  employing  the  alternatives 
to  equip  army  units  slated  to  carry  REMBASS  items  on  their  Table  of  Equip- 
ment allowances,  and  provide  the  frequency  selection  capability  required. 

5.1.3  Life  Cycle  Support  Costs.  These  are  the  costs  of  replenishment 
of  icems  consumed,  costs  of  crew  or  support  personnel,  costs  of  inventory 
management,  transportation,  depot  maintenance,  and  test  equipment  of  the 
frequency  setting  alternatives. 

5 . 2  Performance. 

5.2.1  Stability.  This  criterion  relates  to  the  precision  with  which 
an  alternative  can  maintain  frequency  stability. 

5.2.2  Bower . This  criterion  relates  to  the  power  consumed  by  the 
alternatives . 

5.2.3  Reliability.  This  is  the  probability  that  the  alternatives  can 
provide  the  frequency  stability  required,  over  the  required  operating 
conditions,  for  the  expected  operating  time  of  the  end  items. 

5.3  Versatility.  This  criterion  relates  to  the  number  of  instances 
or  system  applications  an  alternative  can  satisfy.  It  also  considers  the 
degree  to  which  alternatives  can  affect  DTS  design  to  reduce  end  item  or 
overall  system  costs  such  as  thru  3hared  use  of  the  frequency  setting  means 
by  associated  receivers  and  transmitters  or  the  elimination  of  duplicate 
end  items,  as  in  repeaters,  v;here  operation  on  cither  of  two  channels  may 

be  required. 

5.4  Development  Schedule.  This  criterion  relates  to  the  time  yet 
required  to  complete  research  and  development  of  teraatives  and  prepare 
for  large  scale  production. 

5.5  Development  Risk.  This  criterion  considers  the  magnitude  of  the 
technical  barriers  that  must  be  overcome  in  alternatives  and  the  probability 
ef  doing  this  within  the  development  schedule. 


Sara 


5.6  Physical  Characteristics. 


5.6.1  Size.  The  area  of  volume  demands  of  an  alternative. 


5.6.2  Weight.  The  weight  impact  of  alternatives. 

5.7  Human  Factor b,.  The  ease  and  flexibility  of  using  each  alter- 
native in  different  applications  in  the  P.EMEASS  DTS. 

6.0  EVALUATION  OF  ALTERNATIVES 

6.1  General . The  optimum  alternative  for  setting  transmit  and 
receive  channels  may  differ  with  application  (i.e.  in  sensors,  SCM  repeaters 
and  in  UCR/T)  because  of  the  different  functions  that  must  be  performed 

in  the  application  or  because  of  power,  space,  or  cost  constraints. 

Special  features  of  each  application  that  impact  greatly  on  the  channel 
selection  methods  are  discussed  below. 

6.1.1  Non-Conanandable  Sansot  Applications.  Because  of  the  large 
population  of  non-commandable  sensors,  overall  cost  of  providing  the 
channel  selection  capability  is  a major  factor  in  selecting  an  alternative 
for  this  application.  The  synthesizer,  while  the  most  expensive  alter- 
native, provides  the  full  garnet  of  channel  selection;  whereas  the  other 
alternatives  require  a separate  substitution  item  for  each  channel. 

6.1.2  Commandable  Sensor  and  SCM  Applications.  Commandable  sensors 
and  SCMs  require  receivers  to  detect  commands.  The  duty  cycle  of  a 
receiver  normally  approaches  100%.  A 330  milliwatt  synthesizer  that 
would  be  satisfactory  for  a sensor  transmitter  with  a less  than  1%  duty 
cycle,  may  not  be  acceptable  in  the  receiver  of  a commandable  sensor, 
particularly  those  deployed  in  areas  which  do  not  permit  battery  replace- 
ment or  where  replacement  poses  a great  risk  to  personnel.  Even  an  80 
milliwatt  TCXO  of  alternative  2 has  about  twice  the  power  drain  of  the 
SEAOPSS  Phase  III  receiver,  and  may  not  be  acceptable.  It  is  possible  that 
considerable  relief  .in  the  power  drain  problem  of  a synthesizer  or  TCXO 
controlled  receiver  can  be  obtained  through  a reduction  of  its  duty  cycle 
to  about  10%,  with  a 1 second  "ON"  period  and  repetitive  transmission  of 
commands  until  a sensor  response  message  Is  received.  Commandable  senso-s 
also  require  a receiver  and  decoder  and  therefore  are  considerably  higher 

in  cost  than  non-command able  sensors  however,  their  number  will  be  consider- 
able less.  Reduction  in  cost  of  the  receiver  may  be  achieved  through  a 
time  shared  use  of  a synthesizer  of  the  associated  transmitter. 

6.1.3  Repeaters . P.epeaters  will  be  relatively  few  in  number.  They 
must  receive  on  one  channel  and  may  have  to  retransmit  on  either  of  two 
selected  channels.  The  receiver  must  be  "ON''  continuously  except  vhi3.e 
the  repeater  is  retransmitting.  The  possible  need  to  switch  between  2 
selected  transmit  frequencies  suggests  use  of  a synthesizer  vrhich  can  switch 
from  one  chanuel  to  another  in  about  35  milliseconds. 
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Because  of  the  IOCS  receiver  duty  cycle  the  size  limitations  on  the 
repeater  package  or  mission  time  may  have  to  be  relaxed  to  permit  syn- 
thesizer or  TCXO  operation. 

6.1.4  UCR/T,  The  function  of  the  UCR/T'  is  to  transmit  commands  to 
sensors  receiving  on  particular  channels  and  to  reveive  response  messages 
from  sensors  sent  on  othei  channels.  A frequency  synthesizer  in  this  ap- 
plication is  a practical  necessity  because  of  the  need  to  change  channels 
frequently.  There  are  no  constraints  in  power > space,  or  cost  for  this 
application  ao  the  synthesizer  is  the  probable  logical  choice. 

6.2  Coats . 

6.2.1  R&D  Costa  (see  Table  X-I).  Further  development  and  production 
engineering  effort  for  the  TCXo/tCVCXO  R&D  effort  for  a lower  power 
synthesizer  may  be  required  to  permit  its  use  in  receiver  applications, 
particularly  repeaters,  unless  constraints  on  battery  size,  weight,  or 
mission  time  are  eased.  Pursuing  R&D  for  Higher  Stability  does  not  appear 
promising . 


TABLE  X-l 


R&D  COSTS  OF  ALTERNATIVES 


ALTERNATE 


REMARKS 

RATING 

Highest  R&D  cost 

4 

Lesser  cost  than  (1) 

6 

None 

10 

Intermediate  to  alternatives 

7 

None 

10 

6.2.2  Acquisition  Cost.  Evaluation  of  the  alternatives  based  on  the 
cost  of  the  frequency  setting  alternative  alone  is  a misleading  method  of 
comparison.  Alternative  1 provides  a complete  channel  selection  capability 
but  it  is  necessarily  higher  in  cost  than  alternatives  2 and  3 which  pro- 
vide .lust  a single  channel  capability  and  require  substitution  of  different 
parts  for  setting  each  dislred  channel.  For  this  reason,  it  is  considered 
more  meaningful  to  follow  the  definition  of  acquisition  cost  given  in  paragraph 
5.1.2  and  consider  the  cost  of  the  alternatives  in  terms  of  providing  a 
rqqulred  channel  selection  capability  in  receivers  and  transmitters. 

Insight  into  the  relative  cost  of  these  alternatives  in  providing  the 
frequency  selection  capability  is  obtained  by  considering  the  relative 
cost  of  end  items  and  the  required  substitution  parts.  If  REMBASS  trans- 
mitter is  a conventional  digital-analog  transmitter  of  SEAOPSS  Phase  III 
type,  the  crystal  (alternative  3)  will  account  for  about  8X  of  the  end 
item  cost  (and  a lesser  percentage  of  receiver  cost).  If  u TCVCXO  were 
used  in  a transmitter  instead  of  the  crystal  it  would  account  for  an  esti- 
mated 40%  of  the  cost  of  the  transmitter.  A synthesizer  in  addition  to 
requiring  a TCVCXO  fer  the  reference  frequency,  would  require  about  30% 
more  electronic  components  and  the  cost  of  these  components  would  increase 
the  cost  of  the  transmitter  (apart  from  TCVCXO)  by  30%.  The  cost 
of  a complete  synthesizer  transmitter  with  TCVCXO  would  be  about  1.7  times 
as  much  as  a transmitter  using  alternative  3.  However,  since  additional 
crystals  would  be  required  for  the  latter  to  provide  the  required  channels, 
the  cost  differential  of  alternative  1 will  be  reduced  as  the  number  of 
channels  Increases.  The  cost  of  alternative  1 will  be  less  for  more  than 
9 channels.  If  the  crystal  does  not  provide  adequate  stability  for  the 
REMMSS  DTS,  the  TCVCXO  (alternative  2)  must  be  the  basis  for  cost  compari- 
son. The  cost  of  the  synthesizer  alternative  will  be  less  if  more  than  2 
channels  is  required.  In  view  of  indications  that  REM3ASS  will  have  more 
then  100  channels,  the  relative  coat  of  providing  this  channel  selection 
capability  is  shown  in  Table  X-II.  If  alternative  3 is  unacceptable  for 
the  REMBASS  DTS,  the  ratings  reflected  in  Table  X-II  will  hold  for  a system 
of  more  than  2 channels.  Alternative  3,  being  unacceptable,  will  be 
rated  "0". 


TABLE  X-II 


RELATIVE  ACQUISITION  COST  OF  ALTERNATIVES 
TO  PROVIDE  MORE  THAN  9 CHANNEL  SELECTION  CAPABILITY 


ALTERNATIVE 


REMARKS 


RATING 


Least  Costly 


High  Cost 


Lesser  cost  than  2 (if 
adequate  In  stability) 


Intermediate  to  1 and  2 
or  3 


Moat  Costly  (end  item 
replacement) 


6.2.3  Life  Cycle  Support  Coats. 


6. 2. 3.1  Conaump t:lon  (see  Table  X-II. I' 


TABLE  X-III 


RELATIVE  COST  OF  CONSUMED  ITEM  REPLENISHMENT 


ALTERNATIVE 


REMARKS 


RATING 


Unit  cost  being  high,  re- 
placement cost  Is  high 


Unit  cost  higher  than  3;  but 
one  item  is  required  per 
channel 


Least  unit  cost;  but  requires  10 
one  item  per  channel 


Intermediate  to  1 & 2 
or  1 & 3 


End  item  must  be  replaced  - 
highest  cost 
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6.2.3.  2 Craw  and  Personnel.  The  training  ar.d  skill  level  of  personnel 
to  service  all  alternatives  does  net  differ  significantly. 

6.2.3. 3 Test  Equipment.  Test  equipment  requirements  do  not  differ 
significantly  for  the  alternatives. 

6. 2. 3. 4 Integrated  Logistics  Management  (^ee  Table  X-IV). 
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TABLE  X-IV 

RELATIVE  COSTS  OF  LOGISTICS  MaKaGEHENT  OF  ALTERNATIVES 


ALTERNATIVE 

REMARKS 

RATING 

1 

Only  one  item  to  manag*  - 
least  cost 

10 

2 

One  item  per  chaimel  to  manage 

3 

3 

. . . 

One  item  per  channel  to  manage 

3 

4 

One  more  item  to  manage  than 
alternatives  2 or  3 

2 

5 

One  end  item  per  channel  to 
manage  also  requires  long  range 
forecast  of  requirements 

1 

I 

i-a 
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6. 2. 3.5  Transportation  (eee  Table  X-V). 

TABLE  X-V 

RELATIVE  COST  OF  TRANSPORTATION  OF  ALTERNATIVES 


ALTERNATIVE 

REMARKS 

RATING 

1 

End  item  must  be  shipped  (1  Lb) 

5 

2 

Least  demands  (1  ounce  item) 

10 

Least  demands  (1  ounce  item) 

10 

4 

Intermediate  1 & 2 or  3 

S 

5 

End  items  must  be  shipped  (1  lb) 

i 
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6 . 3 Performance. 

6.3.1  Stability  (see  Table  X-VI).  The  stability  of  alternative  1 
is  set  by  the  stability  of  the  TGXO  nf  the  synthesizer.  If  modulation  is 
applied  to  the  VCO  of  the  synthesizer  rather  than  the  TCXO,  this  alter- 
native will  provide  the  most  stable  transmitter  carrier  frequency.  The 
stability  of  alternative  2 is  not  expected  to  be  as  good  as  alternative  1 
due  to  the  application  of  modulation  to  the  TCVCXO,  assuming  an  FM  system 
is  used  in  RENBASS.  Alternative  3 has  the  least  stability  due  to  the 
inability  to  provide  optimum  compensation  for  each  crystal.  Alternative  4 
should  be  equal  to  1 if  the  synthesizer  is  used  in  all  transmitters  and 
the  TCXO  module  is  used  in  receivers.  Alternative  5 should  have  a stability 
comparable  to  2,  since  the  compensation  could  be  optimized  at  the  factory 
for  each  crystal  in  fixed  tuned  oscillators. 


TABLE  X-VI 


COMPARISON  OF  STABILITY  OF  ALTERNATIVES 


1 ALTERNATIVE 

* 1,1  — ' 1 ■ 

REMARKS 

1 

Best  Suability 

2 

Not  as  good  as  1 

3 

Probably  unsatisfactory 

4 

Same  as  1 

5 

Same  as  2 

RATING 


6*3*2  Power  (see  Table  X-VII).  The  importance  of  the  power  criterion 
differs  greatly  in  transmitters  and  receivers  because  of  their  widely 
different  duty  cycles.  Evaluation  of  the  alternatives  on  this  criterion 
Is  moat  meaningful  when  done  on  an  end  item  basis.  A 330  milliwatt  syn- 
thesizer in  a 4 watt  RF  output  transmitter  imposes  a 2-3%  increase  in 
primary  power  over  the  conventional  crystal  controlled  transmitter.  This 
increase  is  not  too  significant  for  the  low  duty  cycle  (IX)  of  the  trans- 
mitter. A receiver  with  a 330  milliwatt  synthesizer,  is  about  8 times 
greater  in  power  drain  than  the  total  power  requirement  of  a SEAOPSS 
Phase  III  receiver . Considering  that  the  receiver  has  a much  higher  duty 
cycle,  use  of  a synthesizer  as  a channel  setting  means  in  a receiver  may 
not  be  acceptable  because  of  the  limited  energy  in  the  battery  pack.  The 
power  requirements  of  other  alternatives  would  be  considerably  less  than 
for  the  synthesizer. 
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TABLE  X-VII 


POWER  RATINGS  OF  ALTERNATIVES  IN  END  ITEMS 


ALTERNATIVE 

REMARKS 

END  ITEM  RATING 

1 

1/4  watt  is  tolerable  fox- 
transmitters  - may  be  excessive 

8 trans. 

for  receivers 

receiver  4 

2 

tolerable  in  transmitters 
higher  than  (3);  may  be 
unacceptable  in  receivers 

9 

6 

3 

Least  power  requirements 

10 

10 

4 

Alternative  1 for  Tx 
Alternative  2 for  Rx 

9 

7 

5 

Least  power 

10 

10 

6.3.3  Reliability  (gee  Table  X-V1XI).  In  general, reliability 
decreases  with  increasing  number  of  parts.  Hybrid  modules  however, tend 
to  improve  reliability  over  discrete  components. 
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TABLE  X-VII.I 


COMPARISON  OF  RELIABILITY  OF  ALTERNATIVES 


ALTERNATIVE 

REMARKS 

RATING 

1 

Most  parts  - lowest  reliability 

6 

2 

Fewer  parts 

8 

3 

Fewest  parts,  but  adjustments 

8 

4 

Intermediate  to  1 & 2 

8 

C 

J 

Fewest  parts,  no  adjustments 

10 

6.4  Versatility  (see  Table  X-IX) . 

6.4.1  Alternative  1.  A common  synthesizer  design  can  be  used  In 
all  sensors  except  the  mini-sensors  used  with  an  SCM.  It  may  be  used  in 
SCM,  repeaters,  and  UCR/T.  It  may  also  be  used  in  a UCR  where  adequate 
commercial  power  is  available  and  the  flexibility  of  RF  channel  selection 
is  a necessity.  Since  each  commandable  sensor  has  both  a receiver  and 
transmitter  it  may  be  possible  to  save  the  cost  of  a separate  synthesizer 
in  the  receiver  through  shared  use  of  the  transmitter  synthesizer. 

In  repeaters  which  retransmit  on  either  of  2 frequencies  depending 
on  whether  a message  is  coming  from  or  going  to  <:  sensor,  the  synthesizer 
affords  a facile  logic  controlled  means  to  switch  on  the  proper  transmit 
channel  and  obviates  need  for  a second  transmitter. 

6.4.2  Alternative  2.  A TCXO  can  be  used  to  set  a channel  in  all 
conventional  receivers,  and  a TCVCXO  can  be  used  in  all  transmitters  to 
set  a channel.  A different  TCVCXO  is  required  for  each  channel.  The 
alternative  is  seriously  limited  in  use,  due  to  its  being  fix  tuned  to 

a specific  frequency.  Tr.ere  is  no  such  constraint  when  used  in  synthesizers. 

6.4.3  Alternative  3.  The  same  comments  as  for  alternative  2 apply. 

6.4.4  Alternative  4.  The  same  comments  as  for  alternatives  1 and  2 
and  3 apply. 

6.4.5  Alternative  5.  Requires  separate  end  item  (i.e.  transmitter, 
receiver)  for  each  channel  and  Is  least  versatile. 
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TABLE  X-IX 

VERSATILITY  RATING  OF  ALTERNATIVES 


m ■■ 


£ i1 


ALTERNATIVE 

REMARKS 

RATING 

1 

(Satisfies  transmitter  applications  but 
has  limited  use  in  receivers) 

Has  no  TCXO  or  TCVCXO  or  crystal  sub- 
stitution problem. 

9 

2 

p"~  

Satisfies  all  applications  but  a module 

is  required  for  each  operating  channel. 

4 

3 

May  satisfy  all  applications,  but  a crystal 
is  required  for  each  operating  channel. 

4 

4 

(Most  versatile^  since  it  has  beat  features 
of  1 and  2 

10 

5 

Requires  different  end  item  for  each  channel. 

2 

6.5  Development  Schedule  (from  July  74)  (see  Table  X-X) . 

TABLE  X-X 

DEVELOPMENT  SCHEDULE  OF  ALTERNATIVES 

ALTERNATIVE 

REMARKS 

RATING 

1 

Depends  on  stability  requirements  - 1-2 
years 

7 

2 

Depends  on  stability  requirements  - 1-2 
years 

7 

3 

No  improvement  seen  as  possible/25  ppm 
available 

0/10 

4 

1-2  years 

7 

5 

Same  as  for  3 

0/10 

347 


U.v««<v.,v 


Wii.ti.itjittaasialta 


'ikita.. 


WSS¥ .-r.^r.T-^c-,^-,  . ^rj-yv , 


’’ w 'i.J. Twtzi  r~.’r.-»'-vpiirru 


6.6  Development  Risk  (see  Table  X-XI).  A breadboard  synthesizer 
with  250  milliwatt  power  requirement  has  been  designed  and  tested  in 
COM/ADP  Laboratory.  It  meets  REMBASS  temperature  requirements  and  its 
frequency  stability  is  determined  by  its  reference  TCXO.  A 50  milliwatt 
synthesizer  suitable  for  receiver  use  has  not  yet  been  designed  to 
REMBASS  temperature  and  shock  requirements.  It  is  believed  all  synthe- 
sizers can  withstand  the  shock  requirements  of  REMBASS  equipment  provided 
the  frequency  stability  equirement  is  not  too  high  (+5  ppm  limit).  The 
risk  associated  with  alternatives  2 and  3 are  heavily  dependent  on  the 
final  frequency  stability  requirements.  It  is  doubtful  that  a crystal 
substitution  technique  can  be  developed  to  meet  + 5ppm  stability.  It  is 
possible  that  this  can  be  accomplished  with  a TCVCXO  but  as  yet,  the  state 
of  the  art  is  questionable. 


TABLE  X-XI 


DEVELOPMENT  RISK  FOR  ALTERNATIVES 


ALTERNATIVE 


REMARKS 


RATING 


.25  Watt  Synthesizer  - small  risk 
.050  Watt  (or  lower  power) 
Synthesizer  (moderate  risk) 

Medium 

Serious  risk  for  high  stability 
requirements 

Medium 
Same  as  2 


6 . 7 Physical  Char acterist i cs  (see  Tab  La  X-XI1) 


6.7.1  Size.  It  is  deemed  feasible  to  package  a discrete  synthesizer 
section  (suitable  for  transmitter  use)  in  a 12  to  16  in-  PC  board  area. 

If  this  size  is  excessive,  hybridization  is  expected  to  reduce  size 
to  about  8 in 2,  but  at  an  uncertain  impact  on  cost.  A hybridized  low 
power  synthesizer  may  be  required  to  satisfy  all  REMBASS  applications. 
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TABLE  X-XII 


RELATIVE  SIZE  OF  ALTERNATIVES 


ALTERNATIV  S 


REMARKS 


PC  board  area  12  - 16  iu^  (discrete ] 
6-9  in^  (hybrid) 


1-1/4  x 1-1/4  x 1/4"  module 


1/2  x 3/3  x 1/4"  module 


depends  on  choice  of  1,  2,  3 


depends  on  choice  of  I,  2,  3 


'END  ITEM  ~j 
RATING 


6.7.2  Weight.  Alternatives  for  setting  frequency  have  weights  that 
do  not  vary  by  more  than  a small  fraction  of  a pound.  Impact  of  end 
item  is  insignificant. 

6.8  Human  Factors  (see  table  X-XIII).  Alternative  5 only  requires 
that  whoever  is  assembling  a DTS, select  the  correct  channel  numbered 
end  item  receiver  or  transmitter  and  insert  it  in  the  proper  socket  or  inter- 
face. It  presents  the  least  possibility  of  error  and  requires  minimal 
skill.  Alternative  2 poses  an  equivalent  risk  of  error  and  level  of  skill 
requirement.  Alternative  3 requires  additionally,  the  performance  of 
tuning  adjustments  by  assembly  personnel,  and  therefore  poses  greater  basis 
for  error  and  requires  somewhat  greater  skill.  Alternative  1 requires  a 
working  knowledge  of  decimal  to  binary  code  conversion  techniques^ which 
may  be  simplified  through  use  of  step-by-step  procedures  and  forms  for 
transcribing  the  binary  code  digits  of  channels  from  a code  table  and  the. 
setting  of  binary  mini-switches  in  accordance  with  the  code  recorded  on 
the  form.  This  is  not  a difficult  procedure  to  learn  and  use,  but  it  poses 
greater  risk  of  error  than  other  alternatives.  This  risk  can  be  eliminated 
by  a "buddy"  check  system.  Though  somewhat  more  time  consuming,  it  poses 
no  serious  problem  in  terms  of  the  expected  loads  or  demands  for  sensor 
assembly.  In  the  relatively  few  UCR/T  where  space,  power,  and  cost  pose 
no  problems,  automatic  code  conversion  can  be  provided  whereby  the  operator 
need  only  set  switches  to  desired  decimal  digits.  Logic  components  can 
automatically  output  the  correct  voltage  levels  to  set  the  synthesiser 
to  correct  channels.  These  digi-switches  permit  rapid  error  free  change 
in  transmit  and  receive  channels  as  required  in  UCR/T  operations.  The  use 
of  a synthesizer  greatly  simplifies  logistics  support  paper  work  since 
only  one  NSN  end  Item  is  required  rather  than  a number  of  NSN  end  items 
equal  to  the  channel  capacity.  This  can  be  the  source  of  error  in  transcribing 
and  transmission  of  ordering  Information.  The  synthesizer  also  eliminates 
the  need  for  long  range  forecasting,  which  may  be  the  source  of  considerable 
prediction  errors. 


TABLE  X-XIII 


HUMAN  FACTORS  RATING  OF  ALTERNATIVES 


ALTERNATIVE 

— 

REMARKS 

RATING 

1 

Has  very  favorable  human 
factor  aspects 

10 

2 

Less  chance  of  error  than  3; 
considerable  chance  of  logistic 
errors 

8 

3 

Tweelting  operating  poses  source 
of  error;  considerable  chance  of 
logistic  errors 

6 

4 

Depends  on  alternatives  1 & 2 or 
1 & 3;  considerable  chance  of 
logistic  errors 

8/7 

5 

Least  chance  of  error  in  using; 
considerable  errors  in  logistica 

8 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  sod  discussions  presented  in  Section  III,  paragraph 
7.0  apply  equally  to  this  section  except  that  the  basic,  data  presented 
in  this  section  are  applicable. 

7*1  Basic  Ranking  Technique.  The  procedures  and  discussions  presen- 
ted in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  nominal, 
maximum,  and  minimum  values  of  the  weighting  factors  used  are  given  in 
Table  X-XVI. 
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Table  X-XVII  lists  the  evaluation  scores  for  each  alternative  and 
evaluation  criterion,  together  with  the  weighting  factor  for  each 
evaluation  criterion.  The  evaluation  scores  in  this  table  are  accurate 
to  two  significant  figures.  The  last  line  is  the  evaluation  rating  or 
weighted  score  for  each  alternative. 
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TABLE  X-XVI 


WEIGHTING  FACTORS 
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' TABLE  X-XVII 


-t 1 H3T~  (_.20O0| 

1 RID  (.2000) 

T“  Acquisition  (.3875) 

3 Life  Cycle  Support  (.4125) 

TT <-27 

i Stability  (.2900)  . 

•£""  Power  (.3150) 

3 Reliability  (.3950), 

tn — yrff^TttTtr-  ( . ie75), 

XV  8CHE0UIE  .MOOOj 

*v )tt*Ktt*\r-*-TVYr  ( -QS7S) 

V*t  PHYSICAL  (.0875) 

■VTX ( . 062$) 


10. ‘o  2,0 

— g--fr-- — ft-yTr 


, V , I .V  . * 

h.  0 7.5  !%<? 


Tt> £t;tr 


TO «Ttf* 


■•r.ir — irrr 
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EVALUATION  RATING 


7.68  6*4°  6-03  8.09 


ALTERNATIVE  KJ5Y 

DIGITAL  FREQUENCY  SYNTHESIZER 
SINGLE  FREQUENCY  OSCILIATOR  MODULE 
CRYSTAL  SUBSTITUTION 
COMBINATION  OF  ALTERNATIVES  A,E,&C 
FIXED  FREQUENCY/FACTORY  SET 


This  initial  analysis  results  in  the  following  preference  listing  cf 
the  alternatives. 


RANK 

1 

2 

3 

4 

5 


ALTERNATIVE  EVALUATION  RATING 

Combination  of  Alternatives  A,B,C»-  (D)  3.09 

Digital  Frequency  Synthesizer  - (A)  7.68 

Single  Frequency  Oscillator  Module  - (B)  6.40 

Fixed  Frequency/Factory  Set  - (E)  6.04 

Crystal  Substitution  - (C)  6.03 


Since  the  least  accurate  figures  in  the  calculation  are  accurate  to  two 
significant  figures,  the  evaluation  rating  given  here  is  accurate  to 
two  significant  figures. 

7.2  Secondary  Ranking  Techniques.  The  prodedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section 
except  that  the  basic,  data  presented  in  this  section  are  applicable. 

7.3  Comparison  of  Results  - Nominal  Values.  From  Table  X-XVIII 
Alternatives  D (a  combination  of  Alternatives  A,B,C)  and  A (Digital 
Frequency  Synthesizer)  ranked  first  and  second,  respectively,  wich  D 
clearly  above  A.  This  was  indicated  by  the  fact  that  D outranked  A 
for  all  of  the  evaluation  techniques.  Examination  of  the  evaluation 
scores  in  Table  X~XVIi  Indicated  that,  based  purely  on  score  value  alone, 

D outranked  A by  onl / a very  small  margin.  However,  when  the  weighting 
factors  of  Table  X-XVI  were  examined  in  conjunction  with  the  evaluation 
scores,  it  was  seen  that  D tended  to  outscore  A in  the  higher  weighted 
criteriu;  notably  II  and  III.  In  opposition,  A outranked  D in  only  one 
highly  weighted  criterion;  I.  The  remainder  of  the  alternatives  were 
significantly  lowtr  in  ER  value  than  A and  D,  but  were  also  rather 
closely  grouped  with  no  stability  between  tne  four  calculation  techniques. 
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TABLE  X-XVIII 

evaluation  ratings  and  ranks  using  nominal  weights  and  different 

WEIGHTING  TECHNIQUES 
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SENSITIVITY  ANALYSIS 


The  procedures  and  discussions  presented  in  Section  III,  paragraph  8.0 
apply  equally  to  this  section  except  that,  the  basic  data  presented  in  this 
section  are  applicable. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First  a 
sensitivity  study  t#as  completed  using  the  additive  weighting  technique.  The 
evaluation  ratings  computed  with  nominal  weighting  factors  and  the  additive 
technique  served  as  the  base  set  of  values.  Then  i4  additional  sets  of 
evaluation  ratings  were  calculated  using  maximum  and  minimum  weighting 
factors  for  each  of  the  7 major  evaluation  criteria.  When  the  weighting 
factor  for  one  major  evaluation  criteria  was  changed  to  maximum  or  minimum, 
all  other  major  criterion  weighting  factors  were  adjusted  proportionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted  :Ln 
Figure  10-2.  The  weighted  score  or  evaluation  rating  is  plotted  against  the 
major  criteria  weight  combination  used  in  the  calculation.  An  examination 
of  Figure  10-2  reveals  that  the  top  two  alternatives  D and  A,  retain  their 
rank  throughout  the  sensitivity  study.  Their  rank  is  very  stable.  The  cut- 
come  for  the  remainder  of  the  alternatives  indicates  that  B generally  ranks 
third  but  that  C and  E are  approximately  equal  in  ranking.  Alternatives  B, 

C,  and  E have  ER  values  significantly  below  those  of  A and  D and  tend  to  form 
a group  by  themselves.  The.  results  indicated  in  Figure  10-2  are  in  agree- 
ment with  the  results  of  7.3.  The  resultant  preference  grouping  derived  from 
Figure  10-2  is  listed  below: 

Group  1 Combination  of  Alternatives  A,B,C  - (D) 

Group  II  Digital  Frequency  Synthesizer  - fA) 

Group  III  Single  Frequency  Oscillator  Module  - (B) 

Crystal  Substitution  - (C) 

Frequency /Factory  Set  - (E) 

8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratings  were  calculated  for  three  additional  weighting  techniques  in  the  same 
way  chat  the  additive  sensitivity  study  was  conducted.  A total  of  60 
sensitivity  runs  were  made  for  the  analysis.  These  runs  showed  that  pre- 
ference rankings  for  the  two  leading  alternatives.  D and  A respectively, 
remained  constant  while  some  shifting  occured  among  the  remaining  alterna- 
tives. Tables  X-XIX  through  X-XXV  show  the  resultant  final  scores  aid  rank 
order  of  the  alternatives  as  the  indicated  major  criteria  factor  weights 
were  varied  for  the  four  analysis  techniques.  The  relationship  among  the 
evaluation  scores  for  each  alternative,  the  nominal  weighting  factors  for 
the  subcriteria  and  for  the  major  criteria  is  as  shown  in  Table  X-XVII. 

Table  X-XVI  additionally  includes  the  maximum  and  minimum  values  for  the 
major  criteria.  When  the  seven  groupings  were  compared  with  the  results 
obtained  for  RMS,  Multiplicative  and  Logarithmic  Weighting  Techniques,  see 
Table  X-XXVI,  Alternative  D ranked  first  in  fifty-nine  of  the  sixty  runs  and 
B ranked  second  in  fifty-eight  of  the  sixty,  thereby  clearly  confirming  the 
earlier  results.  For  the  third  ranked  alternative,  a change  was  iudlceted. 


358 


Alternatives  E and  B received  twenty-nine  and  twenty-eight  third  place 
rankings,  respectively.  However,  E also  received  twenty-four  fourth  place 
rankings  whereas  B received  only  7.  Therefore,  based  on  an  average  of  all 
sixty  runs,  E would  rank  third  and  B fourth.  Alternative  C,  which  had 
previously  ranked  near  the  bottom,  is  now  seen  to  clearly  rank  last. 
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CONCLUSION 


The  analysis  indicated  that  three  methods  of  frequency  changing  should 
be  used  in  the  RfMBASS  DTS  equipment  as  applicable:  a)  digital  frequency 

synthesizer}  b)  single  frequency  oscillator  module;  and  c)  crystal  substitu- 
tion. The  former  is  the  more  expensive  and  would  only  be  used  in  those 
equipments  in  which  the  versatility  of  frequency  selection  was  an  overriding 
consideration.  The  second  method  would  be  used  in  equipments  in  which  the 
need  for  wide  environmental  capability  (temperature)  was  required,  but  frequency 
changing  was  seldom  required,  except  at  a depot  level  of  maintenance.  Crystal 
substitution  only  would  be  used  if  the  accuracy  and  stability  requirements 
of  the  equipment  was  not  severe.  If  + 5 ppm  frequency  stability  was  required4 
even  at  limited  temperature  ranges,  it  is  not  expected  that  this  method 
would  be  usable. 

10 . 0 RECOMMENDATIONS 


The  methods  indicated  in  the  analysis  and  discussed  above  are  recommended. 
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SECTION  XI 

ENGINEERING  ANALYSIS  10  - MESSAGE  CODING 


1.0  SUMMARY 

This  analysis  addresses  the  type  of  message  coding  that  should  be  used 
In  the  REMBASS  Data  Transmission  Subsystem  (DTS).  The  alternatives  were 
evaluated  against  a specific  set  of  criteria,  cost  and  performance.  The 
analysis  concluded  that  a single  parity  check  bit  be  incorporated  in  all 
digital  data  for  error  detection. 

x.O  INTRODUCTION 

This  engineering  analysis  considers  possible  requirements  for  coding 
the  digital  sensor  data  for  the  purpose  of  detection  and/or  correction  of 
message  error  occuring  during  transmission  and  reception  of  sensor  messages. 

In  addition,  there  may  be  a requirement  for  securing  the  data  from  either 
reception  by  an  enauy  or  preventing  meaningful  information  tc  be  obtained 
from  the  data  if  an  unfriendly  receiver  should  intercept  the  message.  Gen- 
erally, the  information  contained  in  the  sensor  messages  in  not  classified. 
However,  unless  precautions  are  taken  it  is  possible  for  an  enemy  to  intercept 
messages  and  use  the  data  to  ’spoof'  the  system  in  a countermeasure  operation. 

3.0  STATEMENT  OF  THE  PROBLEM 

When  digital  information  is  transmitted  over  an  RF  channel  and  decoded 
after  detection  by  a receiver,  there  is  always  a possibility  of  error  in  one 
or  more  of  the  received  digits  due  Co  extraneous  factors.  There  is  also  the 
possibility  that  valid  messages  are  nor  recognized  and  therefore  missed 
because  of  these  extraneous  factors. 

Errors  in  decoded  messages  may  be  uue  to  a variety  of  causes:  a)  coinci- 

dent messages  at  the  receiver  from  more  than  one  sensor;  b)  effects  of  receiver 
and  atmospheric  noise  which  alters  the  spectral  energy  content  of  messages; 
c)  error  in  message  synchronization  (or  the  erroneous  identification  of  the 
first  information  digit  in  a message);  and  d)  deliberate  enemy  electronic 
activity  calculated  to  thwart  the  transfer  of  sensor  information  or  to  product 
misleading  information  (spoofing) . 

Errors  in  information  digits  which  ere  due  to  external  electronic  inter- 
ference or  internal  receiver  noise,  may  le  detected  and/or  corrected  through 
the  addition  of  check  digits  to  the  me; sa;e-  These  check  digits  may  be 
generated  in  the  sensor  data  encoder  in  .tco '.dance  with  a rule  which  permits 
detection  and  correction  to  be  performed  at  the  receiver.  At  the.  receiver, 
the  message  digits  and  check  digits  are  compared  for  adherence  to  the  check 
rule  to  reveal  error  in  digits  which,  being  identified  are  then  corrected. 

One  of  the  problems  to  be  addressed  by  this  engineering  analysis  is  whether 
or  not  the  REMBASS  DTS  should  incorporate  this  type  of  coding. 
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The  problem  of  enemy  countermeasures  relates  to  his  ability  to  detect 
REMBASS  messages  and  using  message  characteristics  to  abort  the  DTS. 

This  engineering  analysis  also  addresses  this  problem  aspect  by  suggest- 
ing coding  techniques  which  may  provide  some  measure  of  protection 
against  Electronic  Countermeasures  (ECH) . 

4.0  ALTERNATIVES 

Each  of  the  problems  identified  in  paragraph  3.0  may  be  investigated ? 
independently  and  alternative  solutions  considered  against  criteria 
which  are  applicable  to  the  problem  at  hand. 

4.1  Detection  and/or  Correction  of  Message  Errors.  The  alternatives 

to  be  compared  for  this  problem  area  are:  a)  coding  for  error  detection 

and  correction;  b)  coding  for  error  detection  only;  and  c)  no  additional 
coding  for  error  detection/ correction. 

4.1.1  Alternative  Al;  Coding  for  Error  Detection  and  Correction. 

In  this  alternative,  redundancy  is  included  in  the  lonn  of  check  digits 
to  allow  for  detection  and  subsequent  correction  of  random  errors.  The 
check  digits  are  set  by  operating  on  the  data  digits  in  accordance  with  some 
mathematical  procedure  or  algorithm.  The  maximum  number  of  random  errors 
which  can  be  corrected  is  dependent  upon  the.  type  of  algorithm  used. 

4.1.2  Alternative  Bl.;  Error  Detection  Only.  In  this  alternative,  a 
single  parity  checK.  bit  is  provided  to  detect  an  odd  number  of  bit  errors 
in  the  message.  No  correction  is  provided. 

4.1.3  Alternative  Cl;  No  Coding.  In  this  alternative,  no  redundancy 
is  provided  in  the  form  of  extra  check  bits  in  the  message  to  detect  or 
correct  possible  errors  in  the  DTS  message.  The  reliability  of  the  received 
data  is  dependent  upon  the  probability  of  decoding  the  data  correctly. 

4.2  Electronic  Counter- Countermeasures  (ECCM)  Coding.  The  alternatives  to 
he  considered  for  this  problem  are.-"  are:  a)  secure  coding  of  messages,  or  per- 

tinent parts  of  messages,  and  b)  coding  to  minimize  message  detection  by  the 
enemy. 

4.2.1  Alternative  A2,  Secure  Coding.  This  alternative  would  provide  a 
massage  code  struemre  that  prevents  the  enemy  from  either  determining  the 
message  data  content,  or  from  using  the  intercepted  messages  to  spoc:  the 
REMBASS  system  operation 

4.2.2  Alternative  Bl,  Camouflage  Coding.  In  this  alternative  ^he 
message  is  coded  in  such  a manner  that  minimizes  its  detection  probability 
by  the  enemy.  An  example  of  this  type  of  coding  would  be  making  the  message 
appear  to  be  Gaussian  noise. 
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5.0 


CRITERIA 


The  criteria  which  will  be  used  in  the  comparative  evaluation  of  the 
alternatives  are  defined  below.  In  paragraph  6.0  each  of  the  alternatives 
will  be  analyzed  on  the  basis  of  these  criteria  and  a relative  ranking 
of  the  alternatives  will  be  made. 

5.1  Costs . 

5.1.1  R&D  Cost.  The  alternatives  will  be  compared  on  the  basis  of  the 
expected  R&D  effort  required  to  attain  a production  posture.  This  includes 
necessary  modeling,  testing,  and  tooling  required  for  pre-production  engineer- 
ing. 

5.1.2  Acquisition  Cost.  This  is  the  cost  required  to  procure 
sufficient  devices,  equipment,  etc.  for  an  initial  operating  capability 
of  the  user.  The  alternatives  may  be  compared  on  the  basis  of  unit  cost 
if  the  same  number  of  units  are  required. 

5.1.3  Life  Cycle  Cost.  For  these  alternatives,  the  major  difference 
in  life  cycle  support  cost  is  expected  to  be  in  the  maintenance  area.  Other 
life  cycle  support  cost  items  are  not  considered  of  any  consequence  for  these 
alternatives . 

5 . 2 Performance. 

5.2.1  Message  Error  Rate.  Each  alternative  will  be  evaluated  and 
ranked  according  to  its  expected  improvement  or  impact  on  the  received 
message  error  rate.  The  "no  coding"  alternative  will  be  the  basis  for 
comparing  alternatives. 

5.2.2  Message  Energy  Requirements.  For  remotely  located  seniors  and 
repeaters,  the  available  battery  energy  is  a critical  item  in  the  life  of 
the  devices.  Therefore,  the  influence  of  the  alternative  on  the  energy 
required  for  each  message  transmitted  is  a significant  measure  of  comparison. 

5.2.3  Message  Self-Interference.  Since  one  or  more  repeaters  will 
be  required  on  most  repeater  links,  it  is  imperative  that  each  link  handle 
as  many  senrors  as  possible.  To  minimize  the  message  loss  due  to  inter- 
ference between  independent  real  time  sensor  transmissions,  the.  message 

length  should  be  kept  as  short  as  possible.  Therefore,  the  influence  on  message 
of  each  alternative  will  be  evaluated  and  compared. 

5. 2. A ECM/EMI . This  criterion  measures  the  relative  likelihood  of  the 
message  either  interfering  with  other  collocated  data  systems,  or  cf  being 
intercepted  by  an  enemy  and  being  used  for  countermeasure  purposes. 


5.3  ECCH  Coding.  The  criteria  for  evaluating  the  alternatives  of 
this  problem  area  are  not  synonymous  with  the  previous  problem  area.  The 
following  criteria  are  considered  relevant  for  the  evaluation  of  the 
alternatives  listed  in  paragraph  A. 2. 

5.3.1  Transmission  Technique.  The  'ariouu  alternatives  are  not 
necessarily  applicable  to  any  transmission  techniques  selected  for  the  DTS. 
For  example,  an  alternative  may  be  dependent  upon  bandwidth  for  its 
efficiency.  With  regard  to  the  ECCM  requirement,  it  is  assumed  that  the 
data  content  of  all  messages  is  not  classified;  therefore,  ECCM  coding  is 
not  for  the  purpose  of  depriving  the  enemy  of  classified  information  but 
rather  to  prevent  his  utilizing  the  messages  for  countermeasure  purposes 
or  to  provide  information  for  jamming  of  the  data  link. 

6.0  TECHNICAL  EVALUATION  OF  ALTERNATIVES 

6.1  General . The  DTS  of  REMBASS  must  provide  for  the  asychronous 
transmission  of  data  messages  from  sensors,  either  direct  to  a readout  unit 
or  via  repeaters.  The  message  duty  cycle  will  be  very  low  for  a given 
sensor,  although  it  may  be  somewhat  higher  for  some  repeaters  in  a given 
repeater  link.  The  relative  duty  cycle  for  a sensor  transmission  is  very 
'ihorl  as  is  indicated  in  Figure  11-1. 
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FIGURE  11-1  REMBASS  MESSAGE  DUTY  CYCLE 


In  view  of  this  .low  duty  cycle  of  the  message,  it  is  reasonable  to 
assume  that  the  noise  characteristics  are  approximately  Gaussian  during  the 
short  transmission  interval.  While  burst  type  noise  will  no  doubt  be  ex- 
perienced at  times,  the  probability  of  this  type  noise  occurring  during  the 
short  transmission  period  is  assumed  to  be  low  enough  that  a simultaneous 
occurrence  of  a noise  burst  and  a given  sensor  transmission  will  not 
seriously  affect  system  performance. 

6.2  Error  Detection/Correction.  Under  the  above  assumptions  for  the 
characteristics  of  REMBASS  messages,  a block  code  is  very  appropriate.  A 
block  code  provides  a number  of  "check"  digits  for  a group  of  data  digits, 
i he  addition  of  check  digits  to  the  data  digits  either  increases  message 
duration  (if  bit  '■ate  is  maintained),  or  requires  an  increase  in  bit  rate 
if  message  duration  is  to  be  maintained. 
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The  latter  decreases  the  energy  in  the  digit  signal  and  requires  an  increase 
in  bandwidth,  both  of  which  reduce  signal-to-noise  ratio  (S/N),  If  a non- 
coherent communication  system  is  assumed,  then: 


(ber.) 


n bits 


(BER)^n 


where  k is  the  number  of  data  digits  and  n is  the  number  of  digits  in  the 
message  (message  digits  plus  check  digits).  The  BER  rises  exponentially, 
e.g.  for  n **  2k  a BER  of  10-^  before  coding  becomes  10“2  after  coding,  an 
increase  of  100  times  when  the  bit  rate  is  increased  to  maintain  message 
duration.  Therefore,  bit  rate  should  be  maintained  and  the  added  message 
duration  accepted  in  the  absence  of  other  constraints.  There  are  many 
types  of  block  codes.  They  do  no  allow  an  arbitrary  selection  of  n or  k. 
Table.  XJ'-I  lists  the  characteristics  of  several  common  error  correction 
block  codes.  These  are  a general  class  of  cedes  called  BCH  (Bore-Chaudhuri- 
Hocquengham)  codes  which  contain  other  codes  as  sub-sets.  General  BCH  codes 
are  difficult  to  decode  and  therefore  simpler  codes  would  be  considered  for 
REMBASS.  In  particular,  a Hamming  code  would  be  a probable  choice  if  only 
a single  error  correction  capability  is  desired. 
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SOKE  BCR  COVES 

n (massage  digits)  k.  (data  dibits) 

7 4 

15  11 

7 

31  26 

21 

16 

11 

63  57 

51 

45 

39 

36 

23  12 


errors 

corrected 

1 

1 

'2 

1 Hamming 

2 
3 
5 

1 Hamming 

2 

3 

4 

5 

3 Golay 


Note:  'ti  selecting  a code,  it  is  important  to  use  an  efficient  code,  i.e 

one  that  provides  high  (k/n) , for  a specified  number  of  corrected  error 
and  resultant  encoding/decoding  complexity. 
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6.3  Error  Detection  Only.  A parity  check  allows  rejection  of  all  messages 
with  an  odd  number  of  errors,  but  presents  as  correct  messages  those  with  an 
even  number  of  errors  as  well  as  those  messages  without  error. 


6.4  Evaluation  of  Alternatives . 


6.4.1  Performance. 


6 . 4 . 1 . 1 Message  Error  Rate.  * 

a)  Alternative  A1  - Error  Detection  and  Correction.  The  assumption 
of  a probable  Gaussian  noise  environment  in  REMBASS  permits  the  calculation, 
using  the  Bernoulli  Trials  Formula,  of  the  message  error  rate  improvement 
achievable  through  error  correction.  In  Figure  11-2  Curve  Wq/^  shows  the 
message  error  rate  of  a 32  digit  message  as  a function  of  bit  error  rate  (BER), 
Curves  W1/32,  W2/32,  and  W3/32  show  the  message  error  rate  when  one,  two, 
and  three  errors  in  the  32  digit  message  are  corrected.  Reference  to  these 
curves  does  not  reflect  the  whole  story.  Each  message  must  have  an  alerting 
preamble  for  message  recognition  and  synchronization  (identification  of  the 
first  data  digit).  Curves  Fg  and  F5  in  Figure  11-2  show  the  failure  of  an 
eight  digit  and  a five  digit  preamble  under  conditions  of  same  BER,  wLth 
no  error  correction.  Note  tnat  with  these  preambles,  the  failure  rate  of 
the  preamble  causes  message  loss  and  therefore  limits  the  attainment 
of  the  full  improvement  that  comes  from  the  correction  of  just  one  error  in 
the  message.  With  this  kind  of  preamble  error  rate,  there  is  no  point  in 
correcting  more  than  one  error  in  the  remainder  of  the  message.  It  behooves 
us  to  use  a preamble  which  is  less  susceptible  to  errors.  One  method  would 
be  the  use  of  a "Barker  Code"  for  a preunble.  Curves  Wl/8  and  W2/8  of  Figure 
11-2  Indicate  the  preamble  failure  rate  when  one  and  two  errors  are  permitted. 
In  Figure  11-3  the  possible  a>essage  error  rate  improvement  from  using  a 7 bit 
Barker  sequence  followed  by  3 blocks  of  a (15,  11)  code  (15  digits  in  each 
block,  of  which  11  are  data  digits)  is  shown.  This  52  bit  message  efficiently 
accomodates  32  data  digits.  It  can  correct  one  error  per  block.  The  improve- 
ment in  message  error  rate  relative  to  a 32  bit  uncorrected  message  is  shown. 
The  preamble  error  rate  is  also  shown,  which  allows  one  bit  error  in  the  7 
bit  Barker  Code  for  the  given  preamble  error  rate. 
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FIGURE  11-2  MESSAGE  ERROR  PROBABILITY  vs.  BIT  ERROR  PROBABILITY 
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b)  Alternative  B1  - Error  Detection  Only.  A simple  parity  check 
enables  the  differentiation  of  received  messages  into  two  categories: 

1)  those  that  have  an  odd  number  of  errors  which  usuully  are  screened 
out  (not  displayed);  and  2)  those  tliat  have  either  an  even  number  of 
errors  or  no  error  and  which  are  presented.  The  parity  check  system  also 
rejects  correct  data  messages  in  which  the  parity  check  bit  is  in  error. 

Two  questions  are  of  interest  in  evaluating  the  relative  performance  of  the 
simple  parity  check:  'A)  What  percentage  of  received  correct  data  messages 
are  not  displayed  (missed)  in  each  alternative;  and  B)  What  percentage  of 
the  displayed  messages  are  in  error i'  The  answers  to  these  questions  varies 
with  BER.  From  the  cumulative  data  digit  errors  (i.e.,more  than  zero  errors, 
more  than  one  error,  more  than  two  errors,  etc.)  or  correctly  synched  messages 
obtained  from  the  Bernouilli  Trials  Formula  for  a 32  digit  data  message  the 
relative  standing  of  the  alternatives  are  shown  in  Table  XI-II. 


TABLE  XI-II 

ALTERNATIVE  RELATIVE  STANDING 


BER  of  10~^  (a  relatively  high  BER) 


% messages  X of  displayed 
displayed  messages  in  error 


\ 

32  data  digit  message 

100 

27.5 

! 

32  data  digits  + parity 

76 

5.2 

ii 

One  error  corrected 

99 

6.5 

: ■ 

(3  blocks  - 15.  11) 

’!  • 

it 

BER  of  10"3 

\ 

32  data  digit  message 

ior 

3.15 

i 

t 

,\\ 

32  dati  digits  + parity 

97 

.05 

i 

)y 

One  error  corrected 

99.99 

1G'4 

Parity  check  reduces  the  percentage  of  displayed  messages  with  errors. 

In  a relatively  high  BER  situation  many  correct  messages  will  not  be 
displayed  (and  therefore  ^Jased),  using  a parity  check.  Figure  11-4  shown 
the  relati-  improvement  in  message  error  rate  between  error  detection 
(parity  check)  and  single  error  correction  under  2 conditions,  maint lining 
message  energy  (increased  bit  rate)  and  maintaining  bit  rate.  Errors 
include  messages  received  with  errors  and  therefore  not  displayed,  and 
displayed  messages  which  may  be  in  error. 


379 


c)  Alternative  Cl  - No  Detection/Correction.  As  shown  in 
Table  XI-II  this  alternative  is  inferior  to  any  other  alternative  in 
terms  of  error  prrformance. 

6 . 4 . 1 . 2 Message  Energy  Requirements. 

a)  Alternative  Ai  - Error  Detection/ Correction.  Message  energy 
requirements  increase  directly  with  increased  bits,  assuming  constant  band- 
width is  maintained.  In  order  to  keep  message  energy  independent  of  added 
code  bits,  a higher  bit  error  feasability  must  be  accepted.  For  purposes 
of  comparing  the  alternatives,  a longer  message  is  assumed  and  therefore, 
this  alternative  requires  a greater  message  energy  to  obtain  improved  perfor- 
mance. 

b)  Alternative  B1  - Error  Detection  Only.  This  alternative  only 
requires  adding  a single  bit  to  a message;  therefore,  for  reasonably  long 
messages  of  the  REMBASS  type,  no  appreciable  increase  in  message  energy  is 
required. 

c)  Alternative  Cl  - No  Detection/ Correction.  No  increase  in 
energy  for  messages  by  virtue  of  the  definition  of  the  alternative. 

6 . 4 . 1 . 3 Message  Self-Interference. 

a)  Alternative  Al  - Error  Detection/Correction.  Increased  self- 
interference is  directly  proportional  to  the  increased  message  duration; 
therefore,  this  alternative  is  expected  to  result  in  increased  message 
interference. 

b)  Alternative  B1  - Error  Detection  Only.  Due  to  the  insignificant 
increase  in  message  length  due  to  an  added  parity  bit,  no  appreciable  self- 
interferer  should  result. 

c)  Alternative  Cl  - No  Detection/Correction.  No  additional  self- 
interference by  definition. 

6. 4. 1.4  ECM/EMI 

a)  Alternative  Al  - Error  Detection/Correction,  This  criterion 
relates  to  the  probability  of  enemy  detection  of  a message,  or  interference 
with  other  colocated  data  systems.  The  longer  the  message  duration,  the 
higher  the  probability  of  either;  therefore,  relative  to  other  alternatives, 
this  alternaiive  would  be  ranked  lowest. 

b)  Alternative  B1  - Error  Detection  Only.  This  alternative  would 
rank  close  to  Alternative  Cl  due  to  the  minor  difference  in  message  lengths 
of  the  two  alternatives. 
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6.4.2  Cost-. 


6.4. 2.1  R&D  Costs, 


a)  Alternative  A1  - Error  Detection/Correction.  Although  the 
technology  and  circuit  design  is  straightforward  for  developing  this  alter- 
native, there  would  still  be  appreciable  cost  associated  with  fabricating 
LSI  masks,  etc.,  for  producing  the  required  circuits;  therefore,  the  R&D 
costs  associated  with  this  alternative  would  necessarily  be  greater  t!ian 
the  other  alternatives. 

b)  Alternative  Hi  - Error  Detection  Only.  This  alternative 
requires  only  a single  binary  flip-flop  plus  gating;  therefore,  no 
appreciable  R&D  cost  would  be  required  to  implement  It. 

c)  Alternative  Ci  - No  error  Detecticn/Correction.  No  additional 
R&D  costs  required. 

6. 4. 2. 2  Acquisition  Costs. 


a)  Alternative  A1  - Error  Detection/Correction.  Acquisition 
costs  are  dependent  to  some  extent  upon  whether  error  correction  will  be 
performed  in  the  repeaters.  For  a single  error  correction  system  it  would 
probably  be  desirable  to  correct  the  message  before  retransmitting  it. 

This  would  increase  the  cost  of  this  alternative.  In  any  case,  since  each 
sensor  must  include  the  message  encoding  capability,  the  acquisition  cost. 

of  this  alternative  would  be  significantly  greater  than  either  of  the  others. 

b)  Alternative  B1  - Error  Detection  Only.  No  appreciable  increase 
in  acquisition  cost  should  result  over  no  error  detection. 

6.4.2. 3  Life  Cycle  Support  Costs.  The  only  impact  on  ILfe  cycle 
support  costs  for  any  of  the  alternatives  would  be  in  the  maintenance  time, 
skills,  and  equipment  requirements.  For  this  criterion.  Alternative  B1  and 
Cl  would  rank  equally,  with  Alternative  A1  ranking  somewhat  lower  due  to 
the  added  circuit  complexity  which  would  reflect  in  a possible  higher 
mean- Lime-to-repalr . 

6.5  Electronic  Counter  Countermeasures  (KCCM)  Coding.  The  type  of 
ECM  which  are  commonly  used  against  an  RF  communication  system  are: 
a)  broadband  noise-life  RF  radiation;  b)  simultaneous  transmission 
of  burst  type  interference  signals  by  an  enemy  when  he  detects  a 
suspected  transmission,  without  regaru  for  what  the  transmission 
consists  of;  and  c)  "spoofing”,  where  transmissions  are  recorded 
by  the  enemy  and  used  for  future  transmission  to  simulate  a real  message. 

ECCM  coding  may  provide  a certain  measure  of  security  against  either  of  the 
above  types  of  ECM,  depending  upon  the  type  of  transmission  technique- 
used  for  the  communication  system. 


For  example,  if  wideband  transmission  is  used,  coding  of  the  transmitted 
data  may  be  used  to  simulate  noise  provided  adequate  processing  gain  is 
available  in  the  receiver  using  matched  filter  or  correlation  detection. 

In  this  way  the  ability  of  the  enemy  to  detect  the  transmission  may  be 
practically  eliminated.  If  narrowband  data  transmission  is  used,  the 
ability  of  the  enemy  to  detect  transmissions  is  good,  therefore,  ECCM 
coding  would  not  provide  security  against  the  type:  1);  and  2)  ECM  above. 
Against  "spoofing",  or  imitative  signal  transmission,  certain  coding 
techniques  can  provide  a good  measure  of  security.  Since  the  results  of 
the  DTS  engineering  analysis  1 seem  to  indicate  that  a narrowband  communica- 
tion system  is  the  dominant  alternative,  and  since  a narrowband  system  is 
easily  spoofed,  some  type  of  secure  coding  . should  be  considered  for  part 
of  the  digital  message.  The  subject  of  veoure  coding  has  been  discussed 
with  NSA  personnel.  If  REMBASS  desired  to  use  a crypto  code  for  data 
messages,  NSA  will  have  to  be  provided  with  an  operational  description 
(qoncept)  for  REhfflASS,  from  which  to  decide  whether  they  will  agree  to 
provide  us  with  a classified  microcircuit  "Chip"  (similar  to  that  for 
the  Air  Force  SEEK  BUS  and  the  Army/Marine's  PLRS),  which  could  be  designed 
into  all  encoders. 
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TABLE  XI-  III 


RELATIVE  RATING  OF  ALTERNATIVES  vs.  CRITERIA 


CRITERIA 


ALTERNATIVE 

COSTS 

PERFORMANCE 

Q 

uO 

P4 

ACQUISITION 

LIFE  CYCLE  SUPPORT 



— 

MESSAGE  ERROR  RATE 

— 

MSG.  ENERGY 
REQUIREMENTS 

— 

MSG.  SELF 
INTERFERENCE 

ECM/EMI 

A. 

Single  Error 

|| 

Correction 

8 

7/8 

8 

10  . 

Z 

2 

B. 

Error  Detection 

1 

Only 

10 

10 

10 

2/7 

9 

9 

9 

C. 

No  Error  Coding 

10 

10 

10 

0 

10 

10 
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7.0  RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 


The  procedures  and  discussions  presented  in  Section  III,  paragraph 

7.0  apply  equally  to  this  section  except  that  the  basic  data  presentee- 
i;-  this  section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discussions  pre- 
sented in  Section  III,  paragraph  7.1  apply  equally  t.o  this  section  except 
that  the  basic  data  presented  in  this  section  are  applicable.  The  nominal 
maximum,  and  minimum  values  of  the  weighting  factors  used  are  given  in 
Table  XI- IV. 

Table  XI-V  lists  the  evaluation  scores  for  each  alternative  and  evaluation 
criterion,  together  with  the.  weighting  factor  for  each  evaluation  criterion. 
The  evaluation  scores  in  this  table  are  accurate  to  two  significant  figures. 
The  last  line  is  the  Evaluation  Rating  (ER)  or  weighted  score  for  each 
alternative. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section 
except  that  the  basic  data  presented  in  this  section  are  applicable. 

The  resultant  evaluation  scores  and  their  ranks,  based  on  nominal  values, 
derived  by  each  of  the  four  analytical  techniques  are  shown  in  Table  Xl-VI. 

7.3  Comparison  of  Results-Nomxnal  Values.  From  Table  XI-VI  , 
the  ranking  of  the  alternatives  showed  little  stability  throughout  the 
performance  of  the  four  analytical  techniques.  Alternative  B realized 
the  first  and  second  rank  positions  an  equal  number  of  times.  Alternative 
C was  first  ranked  twice  and  once  each  for  the  second  and  third  rank 
positions.  Alternative  A realized  the  second  rank  position  once  and  the 
third,  three  times. 
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TA3LE  Xl-IV 
WEIGHTING  FACTORS 


I.  COST 

Z.  ACQU1STION 

2.  life  cycle  support 

II.  PERFORMANCE 

1.  MESSAGE  ERROR  RATE 

2.  MSG.  ENERGY  REQUIREMENTS 

3.  MSG.  SELF  INTERFERENCE 

4.  ECM/EMI 


NOMINAL  WEIGHT 

WEIGHT  RANGE 

MAJOR,  SUB-  MINIMUM  MAXIMUM 

FACTOR  FACTOR 

,4807  . 3800  .5800 


.2339 

.3887 

.3774 


.5193 


.4200  • .6200 


.3500 

.1000 

.3500 

.2000 


* 
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TABLE  XI-V 
EVALUATION  SCORES 


CRITERIA 

ALTERNATIVES 

COST  (.4807) 

A 

B 

C 

1.  RAD  (.2339) 

8.0 

10.0 

10,0 

2.  ACQUISITION  (.3887) 

7.5 

10,0 

10.0 

3.  L.C.  SUPPORT  (.3774) 

8.0 

10.0 

10.0 

PERFORMANCE  (.5193) 

1.  MESSAGE  ERROR  RATE  (.3500) 

10.0 

4.5 

0 

2.  MSG.  ENERGY  REQUIREMENTS  (.1000) 

7.0 

9.0 

10.0 

3.  MSG.  SELF  INTERFERENCE  (.3500) 

7.0 

•*9.0 

10,0 

4.  ECM/EMI  (.2000) 

7.0 

9.0 

10.0 

EVALUATION  RATING 

7.93 

8.66 

8.18 

m 


ALTERNATIVE  KEY 

A.  SINGLE  ERROR  CORRECTION 

B.  ERROR  DETECTION  ONLY 

C.  NO  ERROR  CODING 
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TABLE  XI-VI 

evaluation  ratings  and  ranks  using  nominal  weights  and  different 

WEIGHTING  TECHNIQUES 


alter- 

native 

A 

9 

_ C .. 


ADDITIVE RMS MULTIPLICATIVE-.  LOGARITHMIC.. 

RATING  RANK  RATING  rank  RATING  RANK  RATING  RANK 

7.93 3 8 « 0 0 3 7.67 2 P.40._  . 3„ 

S.66  1 2 6,35  I 9,39  2 

? < 1 8. — 2.  9 * 0 5 l ...1,07..  3 . . 9*71.  _ 1. 


ALTERNATIVE  KEY 

A.  SINGLE  ERROR  CORRECTION 

B.  ERROR  DETECTION  ONLY 

C.  NO  ERROR  CODING 
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8.0  SENSITIVITY  ANALYSIS 

The  procedures  and  discussions  presented  in  Section  III,  paragraph 

8.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

8 . 1 Sensitivity  Study  Using  the  Additive  Weighting  Technique. 

First  a sensitivity  study  was  completed  using  the  additive  weighting 
technique.  The  evaluation  ratings  computed  with  nominal  weighting 
factors  and  the  additive  technique  served  as  the  base  set  of  values.  Then 
three  additional  sets  of  evaluation  ratings  were  calculated  using  maximum 
and  minimum  weighting  factors  for  each  of  the  three  major  evaluation 
criteria.  When  the  weighting  factor  for  one  major  evaluation  criteria 
was  changed  to  maximum  or  minimum,  all  other  major  criterion  weighting 
factors  were  adjusted  proportionately.  The  results  of  the  additiv- 
weighting  sensitivity  study  are  plotted  in  Figure  11-5.  The  weighted 
score  or  evaluation  rating  is  plotted  against  the  major  criteria  weight 
combination  used  in  the  calculation.  An  examination  of  Figure  11-5 

shows  that  Alternative  B remained  first  ranked  consistently.  Alternative  C 
maintained  the  second  rank  position  three  times  and  the  third,  twice 
throughout  the  additive  we  gh ting  technique  analysis.  Alternative  A 
realized  the  third  rank  position  three  times  and  the  seccrid,  twice. 
Additionally,  Alternative  A showed  little  change  in  evaluation  rating 
value  throughout  the  analyses. 

8.2  General  Sensitivity  Study.  Three  additional  seta  of  evaluation 
ratings  were  calculated  for  the  three  additional  weighting  techniques  in 
the  same  way  that  the  additive  sensitivity  study  was  conducted.  A total 
of  16  sensitivity  runs  were  made  for  the  analysis.  Tables  XI-VII  and 
XI-VIH  show  the  resultant  evaluation  ratings  and  the  rank  preference,  order 
for  each  of  the  alternatives  as  the  indicated  major  criterion  factor 
weights  varied.  From  Tables  Xl-VII  and  XI-VIII,  none  of  the  alternatives 
maintained  stability  in  rank  preference  order.  Alternative  B realized 
the  first  and  second  rank  positions  an  equal  number  of  times,  directly 
correlating  to  the  results  obtained  from  the  additive  technique.  Similarly, 
the  results  obtained  for  the  C and  A alternatives  corresponded  to  those 
realized  from  the  additive  technique  in  that  Alternative  C ranked  first 
eight  times,  second,  twice  and  third,  six  times  and  Alternative  A realized 
rank  position  2,  six  times  and  3,  ten  times.  Table  XI-IX  shows  the 
alternatives  cumulative  rank  f requency, for  the  20  runs  obtained  from  the 
four  analysis  techniques.  From  Table  XI-IX,  the  trends  discussed  in 
the  preceding  paragraphs  are  evident.  Alternatives  B and  C realized  the 
first  and  second  rank  positions  respectively,  when  ordered  on  the  bases 
of  evaluation  rating  mean  values.  While  both  attained  the  first  rank 
position  the  same  number  of  times.  Alternative  B attained  the  second  rank 
position  more  times  than  did  Alternative  C.  Alternative  A outranked 
Alternative  C in  the  second  rank  position  but  since  it  never  attained  the 
first  rank  position,  it  is  clearly  third  in  rank  order. 
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EVALUATION  RATING 


TABLE  XI-VII 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  COST  FACTOR 


ALTER-. 

NATIVE 


ADDITIVE 

rating  rank 


RMS 

RATING  RANK 


.MULTIPLICATIVE. 
RATING  RANK 


ldgarithmic- 

RATING  RANK 


.-Min.,  cost : — 

A 7.96 

a ~..8,.ao! 

C 7.83 


8.0" 
-8.68- 
8.  AS 


7,88 
-8.06- 
J .36 


a;  a 9 

-9 , 2 3_ 
9.6 


!■  MAX.  COST.  . 

•1 

i A 7.91 

3 

7,97 

3 

7,36 

2 

8.31 

3 j 

LI  3 8.92 

1 

..?«  12_ 

2 

e,6« 

..  1 

9.53 

2 1 

' ' C H.SJ 

p J 

2 

9.2" 

1 

2. 58 

3 

9.77 

i * 

i 

R 

r i 

\ 

l WEIGHTS  used  in 

THESE  RUNS 

- 
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TABLE  XI-VIII 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  PERFORMANCE  FACTOR 


ALTER--. 

NATIVE 


ADDITIVE 

RATING  RANK 


RHS 

rating  RANK 


MULTIPLICATIVE 
RATING  RANK 


LDGARIXHMIC. 

RATING  RANK 


: MIN_ PERP  .. 

- 

• 

a 

A . 

7.91 

3 

7.97 

3 

7.8b 

2 

0.31 

'W 

3 1 

} ■ B 

8.92 

1 

.5 

8. 

. 9„53_ 

2 ... 

* : C 

B. 53 

2 

9. ?a 

I 

2.58 

3 

9.77 

i 'it 

» A 7,96  R 

a.6a  3 

7.88 

a _ 9.ao  l 

- 8,06 

C 7.83  3 

P.A5  1 

1.3b 

WEIGHTS  USED  In  THESE 

RUNS 

-J» * 

M I N I-  COST  - .58001  PF.RF  , .a200i 

M 4 X_  P£Hf  I_C OSJ__- _ . 3.6_0.0  J _£f-R£_js_ Qj_ 


3 

9 . 23 2 
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alternative  key 

A.  SINGLE  ERROR  CORRECTION 
B^=- ERROR  DETECTION  ONLY 
C.  NO  ERROR  CODING 
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TABLE  XI-XX 


CUMULATIVE  RANK  FREQUENCY  TABLE-  ALL  METHODS 


A L-T—M  0 D E ~M  SAN 1ST. 2ND 3&D. 

A 3 2.650  0 7 is 


-USOXL 


1 1.&50  10 


alternative  key 

A.  SINGLE  ERROR  CORRECTION 

B.  ERROR  DETECTION  ONLY 

C.  NO  ERROR.  CODING 


9.0  CONCLUSIONS 


The  analysis  indicates  that  a single  bit  parity  chew  irrc"  detection 
coding  for  REKBASS  digital  data  messages  is  preferred  over  ingle  error 
correction  coding  or  no  coding.  It  is  emphaeized  that  this  assumes  that 
the  DTS  data  messages  contain  no  classified  information.  That  is, 
reliability  of  data  communication  is  the  primary  concern. 

The  DTS  team  does  not  agree  with  the  relative  weights  applied  to 
the  cost  subcriteria;  however,  this  would  not  change  the  results  since 
the  rating  of  the  two  top  alternatives  are  equal  for  these  subcriteriu. 


10.0  RECOMMENDATIONS 

It  is  recommended  that  a single  parity  check  bit  be  incorporated 
with  till  digital  data  for  error  detection  only. 


SECTION  XII 


ENGINEERING  ANALYSIS  11  - REPEATER  OPERATIONAL  TESTING 


1.0  SUMMARY 

This  analysis  addresses  the  method  of  repeater  testing  that  should 
be  employed  in  the  REMBASS  Data  Transmission  Subsystem  (DTS).  The  alter- 
natives were  evaluated  against  a specific  set  of  criteria;  cost,  performance, 
physical  characteristics,  human  factors  and  versatility.  The  analysis  con- 
cluded that  the  capability  for  operational  testing  through  the  command  link 
should  be  included  in  REMBASS. 

2.0  INTRODUCTION 

The  REMBASS  system  is  composed  of  several  major  subsystems.  Several 
different  alternative  subsystem  designs  may  be  found  which  provide  the 
system  operational  and  functional  requirements  of  REMBASS  within  certain 
constraints.  In  order  to  determine  which  subsystem  alternative  provides 
the.  best  choice,  alternatives  are  evaluated  and  analyzed  against  common 
criteria  and  one  or  more  possible  alternatives  are  selected  as  candidates 
for  final  system  components. 

This  report  is  concerned  with  the  feasibility  of  having  and  the 
selection  of  a means  for  Post-Eiaplacement  testing  the  operability  of 
repeaters  in  REMBASS. 

3.0  STATEMENT  OF  THE  PROBLEM 

After  the  operational  deployment  of  a remote  sensor  system  to  provide 
information  on  enemy  activity  at  various  locations,  there  will  be  extended 
periods  in  which  there  will  be  no  enemy  activity  reported  at  most  if  not 
all  sensor  locations  because  of  the  absence  of  enemy  activity.  Should  com- 
ponents in  the  DTS  particularly  the  repeaters  fail,  it  would  not  be  known 
if  there  were  enemy  activity  in  an  area  and  a possible  false  sense  of  security 
would  be  generated.  It  appears  that  REMBASS  should  include  means  for  DTS 
test  if  confidence  in  the  system  is  to  be  maintained. 

Technical  means  can  be  provided  to  test  the  DTS  but  it  will  add  to 
system  cost.  It  may  not  be  necessary  since  enemy  activity  is  not  the 
only  stimulus  that  generates  sensor  transmissions.  Other  stimuli  that 
may  provide  messages  on  a random  basis  include:  a)  environmental  events 

(rain,  wind,  thunderclaps;;  b)  roaming  anamals  and;  c)  electronic  noises. 
Receipt  of  such  messages  will  indicate  that  portions,  or  all  of  the  DTS  are 
operational.  Since  these  messages  may  be  misinterpreted  as  true  target 
messagesj their  minimization  is  a sensor  design  goal.  Minimization  of  fal*e 
messages  however  increases  the  period  between  messages,  and  therefore  the 
interval  during  which  the  status  of  the  DTS  is  unknown. 
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Whether  means  to  generate  a periodic  DTS  test  message  from  a sensor 
is  required  to  provide  a repeater  verification  of  operation  depends  on 
the  expected  sensor  false  alarm  rate.  Possible  technical  alternatives 
for  testing  repeaters  in  the  DTS  require  analysis  against  pertinent 
criteria. 


4 . 0 ALTERNATIVES 

4.1  Automatic  Self  Test.  In  this  alternative  each  repeater  periodi- 
cally tests  its  ability  to  receive  messages  and  transmits  a response 
message  indicative  of  its  operational  status.  The  test  does  not  depend 

on  outside  stimuli.  One  embodiment  would  utilize  the  continuously  running 
CMOS  clock  of  the  message  encoder  to  time  an  interval  following  which  a 
microwatt  level  RF  modulated  signal  (internally  generated)  would  be 
applied  momentarily  to  the  receiver  input.  The  receiver  output  level 
would  be  used  to  code  an  appropriate,  response  message  and  indicate  repeater 
operation  status. 

4.2  Command  Test.  The  REMRASS  Material  Need  (MN)  includes  a need  for 
commandable  sensors.  In  this  alternative  each  repeater  includes  logic 

to  recognize  a "Test"  command  addressed  to  itself.  The  repeater  transmits 
an  appropriate  response  message.  The  "Test"  command  is  generated  at  the 
Sensor  Readout  Unit  (SRU)  whenever  the  status  of  a repeater  is  in  doubt. 

4.3  Operational  Test.  This  alternative  provides  an  indication  of 
repeater  status  from  its  functioning  fn  response  to  sensor  generated  messages 
stimulated  by  enemy  activity,  a periodic  sensor  test,  or  non-enemy  induced 
sensor  stimulation.  Failure  to  receive  such  messages  at  the  SRU  over  a 
period  of  time  is  interpreted  as  the  presence  of  a non-functioning  repeater 
in  the  link. 

5.0  CRITERIA 

Criteria  used  in  the  comparative  evaluation  of  alternatives  of  tills 
engineering  analysis  are  defined  below.  In  paragraph  6.0  each  alternative 
is  evaluated  against  these  criteria  and  given  a comparative  rating  relative, 
to  the  other  alternatives.  In  arriving  at  a final  evaluation  (see  paragraphs 

7.0  and  8.0)  each  criterion  is  weighted  ir.  proportion  to  its  importance 
as  determined  from  MN  requirements  or  other  pertinent  facts.  In  cases 
where  the  relative  weight  or  relative  ratings  of  a criterion  is  not  con- 
sidered exact,  a sensitivity  analysis  will  be  performed  to  determine  the 
effects  of  error  in  the  weighting  factor  or  ratings. 

5.1  This  criterion  includes  all  costs  of; a)  research  and  engineering 
development  of  the  test  capability;  b)  differential  end  item  cost  involved 
in  initial  purchase  and  supply  of  each  designated  Army  element  due  to  the 
inclusion  of  the  test  capability;  and  c)  the  different  costs  involved 

to  continue  resupply  of  end  items  with  components  to  provide  the  required 
test  capability. 
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5.2  Performance . 


5.2.1  Dependability.  The  degree  to  which  an  alternative  can  he  relied 
upon  to  indicate  repeater  operability. 

5.2.2  Timeliness ■ The  relative  time  within  which  an  alternative  can 
indicate  repeater  inoperability  after  malfunction. 

5.2.3  Failure  Isolation.  The  ability  of  an  alternative  to  isolate  in 
a repeater  chain  or  in  the  DTS  where  a failure  exists. 

5.2.4  Power.  The  additional  power  demands  of  an  alternative  to  provide 
the  test  capability. 

5.3  Size.  The  size  or  volume  impact  on  the  end  item  due  to  alternative 
incorporation  in  an  end  item. 

5.4  Human  Factors.  The  ease  by  which  an  alternative  provides  a REMJ5ASS 
operator  with  knowledge  of  a repeater  or  DTS  malfunction  and  its  location. 

5.5  Versatility . The  number  of  applications  or  types  of  repeaters  an 
alternative  can  satisfy. 

6.0  EVALUATION  OF  THE  ALTERNATIVES  (see  Table  XII-I). 

6.1  General.  The  function  of  a repeater  is  to  receive  messages  from 

sensors  oi  repeaters,  and  retransmit  the  message  at  increased  power  level 
without  modification  or  errors.  A meaningful  test  routine  of  a repeater 
must  therefore  furnish  information  indicating:  a)  the  repeaters  ability 

to  receive  messages;  and  b)  its  ability  to  forward  messages.  Go,  No-Go 
type  of  tests  would  be  performed  on  xepeater  functions.  The  status  of  the 
repeater  would  be  coded  into  its  response  message.  Test  of  the  repeater's 
battery  condition  may  be  a desirable  subsidiary  test,  as  it  permits  an 
estimate  of  the  probable  remaining  operating  time  of  the  repeater.  Alter- 
native 2 requires  decoding  of  command  message  addresses  to  each  repeater  and 
execution  of  a test  routine.  Each  repeater  in  a system  is  sequentially 
addressed,  starting  with  the  one  closest  to  the  .ommand  transmitter  station. 
Failure  of  the  closest  repeater  to  respond  with  a status  message  indicates 

it  is  inoperative.  This  will  usually  "black  out"  responses  from  all  repeaters 
further  down  the  transmission  path.  This  alternative  may  also  permit  deter- 
mination of  whether  a comraandable  sensor  is  operable.  A test  or  other 
command  is  addressed  to  a particular  sensor.  If  no  response  message  is 
received  to  this  command,  and  a response  message  is  received  from  Its  "servicing" 
repeater  following  a repeater  test  command  addressed  to  this  repeatei , it 
may  be  concluded  that  the  addressed  sensor  is  inoperative.  Non-commandable 
sensors  would  depend  on  proper  target  activations  or  false  alarms  for  testing. 

One  embodiment  of  alternative  3 applicable  to  non-coramandab.le  sensors, 
causes  each  sensor  to  send  a periodic  message  indicating  its  operatic nal 
status.  If  a test  message  is  received  from  a non-commandable  sensor  ser- 
viced by  the  "last"  repeater  in  a link  at  test  intervals,  the  entire  system 
is  operational. 
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Failure  to  receive  a "teat"  message  from  one  or  all  sensors  or  repeaters 
in  the  time  interval  in  alternatives  1 and  3 can  initiate  an  audible  or 
visual  alarm  in  the.  SRU. 

6.2  Costs . 

6.2.1  R&D  Costs.  R&D  Costs  of  all  alternatives  are  similar  and  mini- 
mal since  the  designs  would  be  straight  forward  using  available  components 
and  circuitry. 

6.2.2  Acquisition  Costs. 

6. 2. 2.1  Alternative  1 (Self  Test).  This  alternative  requires  addition 
of  costly  components  to  repeaters. 

6. 2. 2. 2 Alternative  2 (Command  Test).  This  alternative  can  be  built 
into  the  logic  of  repeaters  of  the  DTS  at  negligible  cost,  assuming  that 
REMBASS  utilizes  commandable  sensors.  Since  the  REMBASS  MN  specifies  the 
use  of  commandable  sensors,  the  assumption  seems  valid. 

6. 2. 2. 3 Alternative  3 (External  Stimulation).  If  a periodic  best 
message  is  not  necessary,  this  alternative  does  not  add  to  system  cost.  If 
a periodic  test  message  from  sensors  is  required,  the  necessary  test 
message  encoding  logic  can  be  incorporated  in  the  design  of  the  encoder 
and  provided  at  little  added  cost  to  each  sensor. 

6.2.3  Life  Cycle  Support  Costs  (see  Table  Xll-II  for  summary). 

6. 2. 3. 2 Consumption.  Alternative  1 has  high  unit  cost  components  but 
these  are  only  required  in  repeaters,  so  consumption  cost  is  moderate. 
Alternative  2 can  be  incorporated  in  repeater  decoder  and  encoder  chips 

at  negligible  cost,  ro  consumption  cost  is  expected  to  be  lowest  of 
alternatives.  If  a periodic  sensor  test  message  is  not  required,  no 
consumption  costs  are  involved  in  alternative  3.  However,  if  a periodic 
sensor  test  message  is  required,  provision  for  this  must  be  incorporated 
in  all  sensors.  In  view  of  the  large  sensor  population  consumption  cost 
would  be  highest. 

6. 2. 3. 3 Integrated  Logistics  Support.  Since  additional  parts  would 
have  to  be  provided  for  alternative  1 its  integrated  logistics  support 
cost  is  greatest. 

6.2. 3.4  Transportation.  This  criterion  is  of  little  consequence  in 
all  alternatives. 
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6.2. 3. 5  Depot  Maintenance.  Since  alternative  1 has  the  greater 
number  of  parts,  its  depot  repair  cost  is  higher  than  alternative  2.  If 
no  periodic  sensor  stimulation  is  required,  its  cost  will  be  lowest.  If 
alternative  3 requires  means  for  periodic  sensor  stimulation,  items  sub- 
ject to  repair  will  be  high  and  the  alternative  can  have  the  highestNrepair 
cost . 


6 . 3 Performance. 

6.3.1  Dependability . Alternative  2 is  more  dependable  since  the 
test  can  be  repeated  as  often  as  desired.  Alternatives  1 and  3 are  of 
equal  dependability  but  less  dependable  than  alternative  2. 

6.3.2  Timeliness . Alternative  2 car  provide  the  more  timely  alert 
of  malfunction  since  a test  command  can  be  sent  whenever  desired.  Alter- 
natives 1 and  3 are  likely  to  be  equally  less  responsive  to  a repeater 
failure  than  alternative  2. 

6.3.3  Failure  Isolation.  Alternatives  1 and  2 permit  the  identifi- 
cation of  the  portion  of  a repeater  link  that  is  functional.  Failure  to 
receive  a test  or  command  response  message  from  repeaters  beyond  a parti- 
cular repeater  indicates  one  or  more  of  the  further  removed  repeaters  (from 
the  SRU) , is  not  operating.  Which  of  these  further  removed  repeaters  is 
not  functioning,  cannot  be  determined.  In  alternative  3 if  sensors  are 
clustered  around  only  the  most  distant  repeater,  the  failure  of  any  repeater 
will  cause  loss  of  all  sensor  messages,  and  the  faulty  repeater  cannot  be 
isolated.  However,  if  sensors  are  clustered  around  each  repeater  the 
limit  of  DTS  operability  can  be  determined  to  the  same  extent  as  in  alter- 
natives 1 and  2. 

6.3.4  Power  The  added  power  requirements  to  provide  repeater  test 
for  all  alternatives  is  inconsequential.  Among  the  alternatives,  3 requires 
power  only  to  relay  messages.  Alternative  2 requires  slightly  more  power, 
while  alternative  1 requires  the  most  power  in  relation  to  the  other  alter- 
natives . 


6.4  Size.  The  size  impact  of  alternatives  2 and  3 is  insignificant 
alternative  1 may  require  a separate  module. 

6.5  Human  Factors.  All  alternatives  can  provide  the  SRU  operator  with 
an  automatic  alert  if  a message  from  a repeater  is  not  received  in  a parti- 
cular interval.  Since  alternative  2 requires  overt  operator  action,  it  is 
slightly  more  prone  to  operator  error. 

6.6  Versatilif.  Alternatives  1 and  3 are  inflexible  in  that  the 
testing  is  dependent  on  predetermxned  routines  or  external  factors.  Alter- 
native 2 has  complete  flexibility  of  testing  at  the  discretion  of  the  operator 
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RATINGS  OF  ALTERNATIVES  vs  CRITERIA 


Wjyiv «\ XWV'.N* 


7 0 RANKING  OF  ALTERNATIVES  USING  SEVERAL  WEIGHTING  TECHNIQUES 

The  procedures  and  discussions  presented  in  Section  7.11,  paragraph 
7.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

7.1  Basic  Ranking  Technique.  The  procedures  and  discuss Ions  presented 
in  Section  III,  paragraph  7.1  apply  equally  to  this  section  except  that 
the  basic  data  presented  ii<  this  section  are  applicable.  The  nominal, 
maximum,  and  minimum  values  of  the  weighting  factors  used  are  given  in 
Table  X1I-III. 


'<"y  jiiif1 


Table  XII-V  liat3  the  evaluation  scores  for  each  alternative  and  evaluation 
criterion,  together  with  the  weighting  factor  for  each  evaluation  criterion. 
The  alternative  scores  entered  for  the  Support,  a Cost  Subcriteria,  are 
derived  from  five  Support  Subcriteria  data  which  were  provided  and  are 
tabulated  below. 


TABLE  XII- IV 

SCORES  FOR  SUPPORT  COST  SUB-CRITERIA 


INTEGRATED 

LOGOSTICS 


PERSONNEL 

CONSUMPTION 

SUPPORT 

TRANSPORT 

MAINTENANCE 

vSC0RE 

\ 

WEIGHTING 

.25 

.2333 

.25 

.0833 

.1833 

ALTERNATIVE 

A 

10 

7 

7 

10 

6 

00 

B 

10 

10 

10 

10 

10 

10.0 

C 

10 

10/5 

10 

10 

0/10 

8.5 

The  Final  Score  values  were  derived  by  summing  the  products  of  the  relative 
score  and  the  subcriteria  weight  for  each  alternative.  For  illustrative 
purposes,  for  Alternative  A,  the  calculations  are  as  follows: 

7.8  - 10  (.25)  + 7 (,.2333)  + 7 ( . 25)  + 10(.0833)  + 6(.1833) 

The  evaluation  scores  in  this  table  are  accurate  to  two  significant  figures. 
The  last  line  it  the  evaluation  rating  or  weighted  score  for  each  alter- 
native. 
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TABLE  XII-V 


EVALUATION  SCORES 


alternative 


CRITERION 

I ' COST(  ,2667) 

4-R  & D (.2500) 

2 ACQUISTION.'  (.2875) 

• 4-SUPPORT  (.4625) 

it  performance  (.2667) 

DEPENDABILITY  ( . 2833 ) 

2 TIMELINESS  (.2833) 
-5-FAILURE  ISOLATION  (.2833) 
fl. POWER  (.1500) 

444 BHV4T-CM*  (.1333) 

IV  MUMAM  FACTORS  (.1667) 

-¥ UEJLSA4XU-XV.  (.1667) 


evaluation  rating 


ALTERNATIVE  KEY 

A-  AUTOMATIC  SELF  TEST 
B-  COMMAND  TEST 
C-  OPERATIONAL  TEST 


1<NV 

An 

.10.0 
t ft  (t 

10,0 

_3.‘o  , 

7.8 

io’o 

>.*5 

8.0 
8 A 

10,0 
10  o 

< • 

1 

It  ft 

"W 

10. 0 
8.0 

10,0 
1 A o 

?'o 

O 'ft 

7,0 

tn  'ft 

ift  'ft 

1 0o0 

Ru  A 

1 ft> 

+ - ! 
A.A  *' 

8.31 

V.83~ 

8.45 

This  initial  analysis  results  in  the  following  preference  listing  of  the 
alternatives. 


RANK  ALTERNATIVE  EVALUATION  RATING 

1 COMMAND  TEST  (B)  9.83 

2 OPERATIONAL  TEST  (C)  8.45 

3 AUTOMATIC  SELF  TEST  (A)  8.31 


Since  the  least  accurate  figures  in  the  calculation  are  accurate  to  two 
significant  figures,  the  evaluation  rating  given  here  is  accurate  to  two 
significant  figures. 

7.2  Secondary  Ranking  Techniques.  The  procedures  and  discussions 
presented  in  Section  III,  paragraph  7.2  apply  equally  to  this  section 
except  that  the  basic  data  presented  in  this  section  are  applicable. 

The  resultant  evaluation  scores  and  their  ranks,  based  on  nominal  values, 
derived  by  each  of  the  four  analytical  techniques  are  shown  in  Table  XII-VI., 

7*3  Comparison  of  Results  - Nominal  Values.  From  Table  XII-VI, 
Alternative  B was  clearly  ranked  first  by  a substantial  ER  margin.  In 
addition,  the  ER  value  for  B was  consistently  large  and  unusually  stable. 
Alternative  C ranked  second  by  a small  margin  for  the  Additive  and  RMS 
Technique  and  second  by  a substantial  margin  for  the  Logarithmic  Technique. 
Alternative  A ranked  third  for  three  of  the  four  analysis  techniques. 
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8.0 


SENSITIVITY  ANALYSIS 


The  procedures  and  discussions  presented  in  Section  III»  paragraph 

8.0  apply  equally  to  this  section  except  that  the  basic  data  presented 
in  this  section  are  applicable. 

8.1  Sensitivity  Study  Using  the  Additive  Weighting  Technique.  First 
a sensitivity  study  was  completed  using  the  additive  weighting  technique. 

The  evaluation  ratings  computed  with  nominal  weighting  factors  and  the  addi- 
tive technique  served  as  the  base  set  of  values.  Then  10  additional  sets 

of  evaluation  ratings  were  calculated  using  maximum  and  minimum  weighting 
factors  for  each  of  the  5 major  evaluation  criteria.  When  the  weighting 
factor  for  one  major  evaluation  criteria  was  changed  to  maximum  or  minimum, 
all  other  major  criterion  weighting  factors  were  adjusted  propur Lionately. 

The  results  of  the  additive  weighting  sensitivity  study  are  plotted  in 
Figure  12-1.  The  weighted  score  or  evaluation  rating  is  plotted  against  the 
major  criteria  weight  combination  used  in  the  calculation.  The  weight- 
combination  key  for  Figure  12-1  is  given  in  Figure  12-1.  An  examination  of 
Figure  12-1  reveals  that  all  three  alternatives  retain  their  rank  throughout 
the  sensitivity  study,  and  their  rank  is  very  stable.  This  agrees  with  the 
results  of  paragraph  7.3. 

8.2  General  Sensitivity  Study.  Three  additional  sets  of  evaluation 
ratio,,.;  were  calculated  for  three  additional  weighting  techniques  in  the  same 
way  that  the  additive  sensitivity  study  was  conducted.  A total  of  44  sen- 
sitivity runs  were  made  for  the  analysis.  These  runs  showed  that  preference 
rankings  for  certain  sensors  remained  constant  while  others  shifted  within 
certain  bands.  Tables  XII-VII  through  XII-XI  show  the  resultant  final  scores 
and  rank  order  of  the  alternatives  as  the  indicated  major  criteria  factor 
weights  were  varied  for  the  four  analysis  techniques. 

The  relationship  among  the  evaluation  scores  for  each  alternative,  the 
nominal  weighting  factors  for  the  subcriteria  and  for  the  major  criteria  is  as 
shown  in  Table  XII-IV.  Table  XII-III  additionally  includes  the  maximum  and 
minimum  values  for  the  major  criteria. 

When  the  results  were  compared  with  the  results  obtained  for  RMS, 
Multiplicative,  and  Logarithmic  Weighting  Techniques,  the  results  agreed 
with  those  previously  reported  in  this  document.  The  ER  values  for  all 
criteria  were  generally  consistent  for  both  minimum  and  maximum  variation 
in  criteria  weights.  No  change  in  ranking  was  recorded  for  any  of  the  runs. 
Therefore,  the  final  ranking  is  as  follows: 

RANK  ALTERNATIVE 

1 COMMAND  TEST  (B) 

2 OPERATIONAL  TEST  (C) 

3 AUTOMATIC  SELF  TEST  (A) 
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evaluation  rati 


TABLE  XII  -VII 

OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  COST  FACTOR 


ALTER-  ADDITIVE 

.NATIVE  RATING  RANK. 


RMS 

RATING  RANK 


MULTIPLICATIVE 
RATING  . -RANK 


logarithmic 

RATING  .„RANK 


MIN  COST 

. .A 

9 

C 


__e.34__- 

9.82 
„8  *51— 


_e.a3  . 3 

9.«3  1 

8-  7 a 2. 


6.25 3. 

9.82  l 

.8 ,2.7... -2 


-6.86. 

9.67 

-9.10. 


MAX  COST 

A 

8 


-8.25. 
9,86 
8 . 29- 


_8..l5_ 2L. 

9.A6  1 

-6.53 2.. 


_6 . 14 . 2 
9.85  1 
.7*92 .3 


e.8o: 

9.89 

9.0U_ 


'‘•EIGHTS.  USED  _JN_j,hesE_  runs. 


MIN  COST!  COST  - ,2167  ) PF  RF  - ,28U9»  PHYS  - ,10?tt)  H F - ,1781) 
V.E  ..J.TSS.Jl __ 

MAX  COSJ?  COST  - .3667)  PFRF  .2303»  PHYS  .1151  t H JF *•_ . 1 ^ 0 j_ 

VERS  - .1440) 


alternative  key 

A-AUTOMATIC  SELF  TEST 
B -COMMAND  TEST 
C-QPERATIONAL  TEST 


table  xir-vm 


OVERALL  SCORES  AND  RANKS  USING  WEIGHTS  CHANGING  PERFORMANCE  FACTOR 


alter- 

ADDITIVE 

RMS 

multiplicative 

LOGARITHMIC 

fcJAJIVE_ 

_AA.T1.NG_. 

J?AJVK 

.RAUL'S ft  A UK RAJ  IXG_. 

.ft  A NX 

— RATING  .._RANK 

MIN  »ERF 

A 

A TO 

\ 

A,  1 Q 

? 

8 ..63  3_ 

e 

9!  82 

1 

9.?3 

1 * 

pjfli 

1 

9 i 86  l 

.c. 

2 

fi-Afi ... 

2 

- 5 

3_ 

9.10-  -2 

M 4 X *>ERF 


A 

e.M 

3 

A.  <j3 

' 3 . 

8 2 S 

2 

.8^8  <L 

.3 

B 

9.85 

1 

9,86 

1 

9*.  85 

1 

9.89  " 

1 

_.C. 

fiLJL2_ 

2. 

. 2 

8*15-. 

3 

-9. OJ 

— 2 — 

“EIGHTS.  USEQ._lfcL_IHE.SE SUNS-  . 


MIN  PEftF  t COST  - ."2910 1 PE*F  - ~.2000»  PHVS  - . iU5A|  H F - . 1819* 

.vers...-  ..leiaj : 

1!  AX... ft £J? F. I_. C QST  - .2 It &l 1 lB2xJtL£ . U 73 j. 

VERS  - . 1 44 73  t 

■ alternative~key~ 

A-  AUTOMATIC  SELF  TEST 
B-  COMMAND  TEST 
C-  OPERATIONAL  TEST 


it 
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table  XJfrIX. 


TA3LE  XII-X 

overall  scores  and  ranks  using  weights  changing  human  factors  factor 


ALTER-  additive 

-NAT  IV£ RJLI ING RANI 


RMS 

RAT-jMG RANK. 


MULTIPLICATIVE 
.—RAII-NG RANK-.. 


logarithmic 

JUJ.ING— RANK 


MIN  H F 


-JO  t 

9.87 

.s.Jla: 


-6-.%3- 

9.87 


9,86 

JL.A9___ 


8,7-7 3 

9.90  1 

-S-.J1S 2 


MAX  H F 

A 


-6,65. 

9.67 


9.68  1 

- fi,  Q3 2- 


9.66  - 1 


3- 

9.7a  i 


WE  IGH  JS_U8EC__L!l_XyESE.  J?L»;S 

; 

MIN  HF*V  COST  - T27Tar~P_FRF  - J?77^|  PH  VS 
.YERS_j!_..173.(iJ 


- ,1386|  H F - . 1 3 33 1 


MAX  H F t COS' 
VERS  - .1334* 


..2£R£_n-*2  13iU._PiiYJ5._5L_ . 1.0  6.6j_Ji_E 33  33- 


ALTERNATIVE  KEY 

A-  AUTOMATIC  SELF  TEST 
B-  COMMAND  TEST 
C-  OPERATIONAL  TEST 
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TABLE  XII-XI 


overall  scores  and  ranks  using  weights  changing  versatility  factor 


ALTER-  ADDITIVE  RHS  1 MULTIPLICATIVE  LOGARITHMIC 

.NATIVE  RATING  _j>_A_NK RATING  RANK  RATING. ..RANK.. HATING  . RANK 


MIN  vers 

...  A £.,M 5 3 8.24 2 0,-90 l._ 

B 9.82  1 9.P2  1 9.81  1 9.86  1 

. C. 3 . STL 2. £UxO 2 8 . 1.7_ 3 _• .9 . 1 6 2 


MAX  V.ERS 

.S.2I 3 : 8.^6 3 0,19...  2 8.76  ...  _ 3„ . 

0 9,35  . 1 ' 9, *6  1 9,65  1 ^ 9.89  1 

-*.C J*»M L : JS.JS.I l_2_ .eU3_.  .3 8.99.  . 2 _ 


-^EIG.H.tSL  UREP  J.N..JH £SE_ RUN 5 


*M!N“VER8»  COST  293  <|f  PERF  - ,'2934»  PH?3  - ,l?66j  H F - «1B34j’ 
...VERS  _•  «.0il  3.3  j * ; 

MAX.  VERSl ..COST  - ,23^7t  ££Rf_j.  .23^7t  PHY8  - .1173*  H F ,1467.i... 
VERS  - ,2667»  * 

ALTERNATIVE  KEY 

a-automatic  self  test 

B -COMMAND  TEST 

c- operational  test 


9.0  CONCLUSION 


Command  testing  of  operational  repeaters  ranked  first  in  all  four 
weighting  techniques  used  in  the  analysis.  The  evaluation  was  predicated 
upon  a command  link  being  required  for  some  sensors  and  therefore*  did  not 
consider  a command  link  being  included  for  the  sole  purpose  of  testing  re- 
peaters. If  a command  link  is  not  available,  the  reaults  of  the  analysis 
would  have  to  be  reviewed  for  the  possibility  of  a different  conclusion. 

10.0  RECOMMENDATION 

It  is  recommended  that  repeaters  include  the  capability  for  some 
degree  of  operational  testing  via  the  sensor  command  link. 
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